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ABSTRACT
The m acrobenthos  a t  th e  e n t r a n c e  t o  th e  Chesapeake Bay was sampled 
in  O c tober  1982 to  d e te rm in e  community s t r u c t u r e ,  s p a t i a l  d i s t r i b u t i o n  
p a t t e r n s  and to  r e l a t e  th e s e  t o  s ed im en t ty p e ,  w a te r  d e p th  and t i d a l  
c i r c u l a t i o n  p a t t e r n s .
2
S ev en ty -o n e  0 .1  m S m ith -M c ln ty re  g rab  sam ples were ta k e n  o v e r  an 
e x t e n s i v e  a r e a  from Cape C h a r le s  t o  Cape Henry and o f f  V i r g i n i a  Beach 
u s in g  a s t r a t i f i e d  random sam pling  d e s i g n .  Over 20 ,000  i n d i v i d u a l s  were 
c o l l e c t e d ,  c o m p r is in g  158 s p e c i e s  d i s t r i b u t e d  among 14 p h y la .  A nnelid  
p o ly c h a e te s  acco u n ted  f o r  46% o f  th e  s p e c ie s  l i s t  fo llow ed  by 
c r u s t a c e a n s  (25%) and m o l lu sc s  (19%). The c a p i t e l l i d  p o ly c h a e te s  
AmflSt.igps c a p e r a tu s  and Mediomastus a m b ise ta  were among th e  most 
abundan t m a c r o in v e r t e b r a te s  c o l l e c t e d ,  w i th  av e ra g e  d e n s i t i e s  o f  599 and 
489 i n d i v i d u a l s  p e r  m , r e s p e c t i v e l y .
A n a ly s is  o f  abundance d a t a  (n u m e r ic a l  c l a s s i f i c a t i o n  and 
o r d i n a t i o n )  and m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s  r e v e a le d  t h r e e  m a jo r  
a ssem b lag es  o f  s p e c ie s  r e l a t e d  to  sed im en t ty p e :  a c l e a n ,  h ig h  e n e rg y ,  
f i n e  sand assem blage  n u m e r i c a l ly  dom inated  by th e  h a u s t o r i i d  amphipod 
Pxg££h.ay.g.t-Pr.l y g w ig l e y i  and th e  p o ly c h a e te  Nephtys b u c e r a ; a l e s s  
dynam ic ,  f i n e  and v e ry  f i n e  sand assem blage  c h a r a c t e r i z e d  by th e  
p a ra o n id  p o ly c h a e te  A r ic id e a  w a s s i . th e  amphipod Svnche1idium  americanum 
and th e  g a s t ro p o d  E p iton ium  m u l t i s t r i a t u m ; and a d e p o s i t i o n a l , v e ry  f i n e  
sand and s i l t - c l a y  assem blage  dom inated  by c a p i t e l l i d  and s p io n id  
p o l y c h a e t e s ,  and th e  b i v a l v e  T e l l i n a  a g i l i s .
These assem b lages  o f  s p e c ie s  were n o t  d i s t i n c t l y  s e p a r a t e d  in  
s p a c e .  They were more in  acc o rd an ce  w i th  th e  c o n c e p t  o f  peaks  o f  
s p e c i e s  abundance in  a n e a r -c o n t in u u m  re sp o n d in g  to  e n v i ro n m e n ta l  
g rad  i e n t s .
D i s t r i b u t i o n  o f  s p e c ie s  a c r o s s  th e  bay e n t r a n c e  seemed to  r e f l e c t  
th e  t i d a l  c i r c u l a t i o n  p a t t e r n s  in  t h e  s tu d y  a r e a .  The n o r t h e r n  p a r t  o f  
th e  e n t r a n c e ,  p h y s i c a l l y  c h a r a c t e r i z e d  by f lo o d  and e b b - d i r e c te d  
sed im en t  t r a n s p o r t ,  was c o lo n iz e d  by s p e c i e s  o f  th e  h ig h  e n e rg y ,  f i n e  
and v e ry  f i n e  sand a s s e m b la g e s .  The s o u th e rn  p a r t  i s  u n d e r  th e  
i n f l u e n c e  o f  s u r f a c e  ebb c u r r e n t s  which t r a n s p o r t  f i n e  sed im en t and 
o rg a n ic  p a r t i c l e s  from th e  b a y .  Most m a c r o in v e r t e b r a te s  c o l l e c t e d  in  
t h i s  a r e a  were s p e c ie s  o f  s i l t - c l a y  s u b s t r a t e s .  H igher s p e c ie s  r i c h n e s s  
in  th e  s o u th e rn  p a r t  o f  th e  Chesapeake Bay e n t r a n c e  r e l a t i v e  to  th e  
n o r t h e r n  p a r t  may be e x p la in e d  by th e  g r e a t e r  s p a t i a l  h e t e r o g e n e i t y  
p ro v id e d  by s h e l l  f ragm en ts  and an im al tu b e s  and by th e  l e s s  r ig o r o u s  
c o n d i t i o n s  o f  a d e p o s i t i o n a l  e n v iro n m e n t .
ix
MACROBENTHIC COMMUNITY STRUCTURE 
AT THE ENTRANCE TO THE CHESAPEAKE BAY
INTRODUCTION
The im p o rtan ce  o f  s ed im en t p r o p e r t i e s ,  su ch  as  p a r t i c l e  s i z e ,  
s o r t i n g  and t o t a l  o rg a n ic  c a r b o n ,  on s t r u c t u r i n g  m arin e  and e s t u a r i n e  
s u b l i t t o r a l  m a c ro b en th ic  com m unities  i s  w id e ly  documented ( g . g . ,
S a n d e r s ,  1958; C a s s ie  and M ic h a e l ,  1968; K in n e r  g t  flJL«, 1974; Warwick 
and D a v ie s ,  1977; K i^ rb o e ,  1 9 7 9 ) .  B a s i c a l l y ,  two m a jo r  t r o p h i c  groups 
a r e  p r e s e n t  in  m acro b en th ic  a s s o c i a t i o n s :  d e p o s i t  f e e d e r s  and su sp e n s io n  
f e e d e r s .  In  many b e n th ic  s u r v e y s ,  th e s e  two groups  have been shown to  
be  s p a t i a l l y  s e p a r a t e d  dep en d in g  on sed im en t ty p e  ( S a n d e r s ,  1958; Bloom 
£lL a l * > 1972; J a r a m i l l o  ££. a i . , 19 8 4 ) .  In  th e  t r o p h i c  group am ensalism  
h y p o th e s i s ,  Rhoads and Young (1970) su g g e s te d  t h a t  s u s p e n s io n  f e e d e rs  
a r e  exc luded  from a r e a s  where d e p o s i t  f e e d e r s  a c t i v e l y  burrow  and 
re su sp en d  th e  s e d im e n t .  T h is  e x c l u s i o n ,  as  su g g e s te d  by Rhoads and 
Young, i s  b eca u se  o f  th e  c lo g g in g  o f  su s p e n s io n  f e e d e r s '  f i l t e r i n g  
s t r u c t u r e s  by re su sp en d ed  sed im en t and th e  b u r i a l  and s e t t l e m e n t  
i n h i b i t i o n  o f  l a r v a e  by th e  i n s t a b i l i t y  o f  s e d im e n ts .
While t h i s  t r o p h ic  r e l a t i o n s h i p  may ho ld  in  muddy s u b s t r a t e s ,  o th e r  
f a c t o r s  such  as c u r r e n t  and wave induced sed im en t i n s t a b i l i t y  p ro b a b ly  
become more im p o r ta n t  in  s t r u c t u r i n g  m a cro b en th ic  com m unities  in  
p h y s i c a l l y  d i s t u r b e d ,  s h a l lo w  m arine  en v i ro n m e n ts .  M oreover,  sed im en t 
ty p e  ( i . e . .  g r a i n  s i z e )  i s  d i r e c t l y  r e l a t e d  to  th e  ene rgy  regim e o f  th e
2
3o v e r ly i n g  w a te r .  M arine b e n th ic  en v iro n m en ts  p h y s i c a l l y  dom inated  by 
t i d a l  c u r r e n t s  and waves have w e l l  s o r t e d  sands i n d i c a t i n g  a h ig h  d e g re e  
o f  s ed im en t m o b i l i t y .  M o b i l i ty  o f  th e  sed im e n ts  p r e v e n t s  s e d e n ta r y  and 
t u b e - b u i l d i n g  m a c ro b en th ic  s p e c i e s  from i n h a b i t i n g  th e s e  a r e a s ,  w h ile  
f a s t  b u rro w in g  s p e c i e s ,  w e l l  ad ap ted  to  s h i f t i n g  s a n d s ,  a r e  more l i k e l y  
t o  s u c c e s s f u l l y  l i v e  and re p ro d u c e  (H o lland  and Dean, 1977; W ith e rs  and 
T h o rp ,  1978, B ierbaum , 1979; Vanosmael g i  a l * i  19 8 2 ) .
Lower e n e rg y ,  t i d a l  c u r r e n t  in f lu e n c e d  b u t  d e p o s i t i o n a l  
e n v i ro n m e n ts ,  have sed im en ts  composed o f  f i n e r  sands w i th  some s i l t  and 
c l a y .  These s e d im e n ts ,  in  c o n t r a s t  w i th  th e  h ig h  e n e rg y ,  sandy bo ttom s 
o f  l a r g e r  mean d ia m e te r  g r a i n - s i z e ,  s u s t a i n  b e n th ic  assem blages  w i th  
g r e a t e s t  s p e c i e s  d i v e r s i t y  (Young and Rhoads, 1971; B oesch , 1973; K in n e r  
e t  a l . » 1974 ) .  The h ig h e r  d i v e r s i t y  o f  t h i s  env ironm ent i s  a re sp o n se  
to  th e  w id e r  ran g e  o f  sed im en t p a r t i c l e  s i z e  and th e  o rg a n ic  c o n t e n t  o f  
th e  s e d im e n ts .  Sedim ents  w i th  h ig h e r  p e r m e a b i l i t y  th a n  muddy bo ttom s 
a l lo w  d i f f u s i o n  o f  w a te r ,  b r in g i n g  oxygen and food to  th e  in f a u n a .
H igher  s p e c ie s  r i c h n e s s  i s  l i k e w is e  m a n ife s te d  where m i c r o h a b i t a t s  
p ro v id e d  by s h e l l  f rag m e n ts  and tu b e s  o f  a n n e l id  p o ly c h a e te s  s e rv e  as a 
r e f u g e  o r  s u b s t r a t e  f o r  e p i f a u n a  (B oesch ,  19 7 3 ) .  In  summary, wave and 
t i d a l  c u r r e n t s  d e te rm in e  th e  n a t u r e  o f  th e  bo ttom  s u b s t r a t e  and sed im en t 
s t a b i l i t y ;  in  a d d i t i o n ,  n o n - t i d a l  c u r r e n t s  in fu e n c e  th e  food su p p ly  f o r  
th e  b e n t h i c  o rgan ism s and may a l s o  a f f e c t  s e a w a te r  p h y s i c a l  and ch em ica l  
c h a r a c t e r i s t i c s  (fi..g_., s a l i n i t y )  t h a t ,  in  t u r n ,  may in f lu e n c e  
m a c ro b en th ic  community s t r u c t u r e .
4I n l e t s  a r e  among th o s e  h ig h  ene rgy  en v ironm en ts  where s u b s t r a t e  
i n s t a b i l i t y  i s  ex p ec ted  to  be  an im p o r ta n t  f a c t o r  r e g u l a t i n g  s p e c ie s  
c o m p o s i t io n .  The e n t r a n c e  to  a l a r g e  e s t u a r y ,  such  as th e  Chesapeake 
Bay, e x h i b i t s  complex c i r c u l a t i o n  p a t t e r n s ,  where s h a l lo w ,  dynamic 
s e d im e n ts  a l t e r n a t e  w i th  d e e p e r ,  p h y s i c a l l y  s t a b l e  s e d im e n ts .  While 
t i d a l  and wave e x p o su re  may c o n t r o l  th e  m acrobenthos in  th e  fo rm e r ,  
sed im en t  c o m p o s i t io n  may become more im p o r ta n t  in  d e e p e r  w a te r .  In  view  
o f  th e  b i o l o g i c a l  im p o r tan ce  o f  th e s e  i n t e r a c t i o n s ,  th e  m acroben thos o f  
th e  Chesapeake Bay E n tra n c e  i s  th e  o b je c t  o f  t h i s  s tu d y .
To d a t e ,  s t u d i e s  o f  m a c ro b en th ic  o rgan ism s in  th e  Chesapeake Bay 
sy s tem  have been  m ain ly  conduc ted  in  th e  t r i b u t a r i e s  o f  th e  b a y ,  
p a r t i c u l a r l y  th e  York and th e  James r i v e r s .  A few r e p o r t s  in  th e  low er 
bay  have focused  on th e  p o t e n t i a l  e f f e c t s  o f  sand e x t r a c t i o n  o p e r a t io n s  
(Mayne ££. aJL*» 1982; Hobbs £j: aX», 1984 ) ,  and o f  a c t i v i t i e s  r e l a t e d  to  
th e  c o n s t r u c t i o n  o f  th e  Second Hampton Roads B r id g e  Tunnel (Boesch and 
R ack ley ,  1974) on b e n th ic  co m m u n it ie s .  A lthough  q u a n t i t a t i v e  
i n v e s t i g a t i o n s  o f  th e  b e n th ic  fauna  in  th e  low er Chesapeake Bay have 
been  c a r r i e d  o u t  ( S to n e ,  1963; Boesch , 1972; T o u r t e l l o t t e  and D auer ,  
1983; Dauer £j: &L*, 1982, 1984; Ewing and D au er ,  1982 ) ,  b e n th ic  
com m unities  a t  th e  mouth o f  th e  Chesapeake Bay have n o t  been  e x t e n s i v e l y  
s tud i e d .
F iv e  sam pling  s t a t i o n s  f o r  th e  EPA s tu d y  on th e  b i o l o g i c a l  
p r o c e s s e s  a f f e c t i n g  sed im en t dynamics (N i l s e n  gt. & !• ,  1982) and one 
s t a t i o n  s tu d i e d  by Boesch (1 9 7 1 ,  1977b) to  d e s c r i b e  th e  d i s t r i b u t i o n  o f  
th e  b e n th o s  in  an e s t u a r y ,  were lo c a te d  n e a r  th e  e n t r a n c e  to  th e  bay
5F ig u re  1 .  L o c a t io n  o f  p r e v io u s  s t u d i e s  o f  m acroben thos  on th e  low er 
C hesapeake Bay n e a r  th e  bay  e n t r a n c e .
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( f i g u r e  1 ) .  C lo se  to  th e  bay mouth a r e  Crumps Bank and H orseshoe Bank, 
two a r e a s  among th o s e  sampled in  th e  r e g io n  p roposed  f o r  sand m inning 
o p e r a t i o n s  (Hobbs ££. &1.., 1 9 8 4 ) ,  and one b ay -w ide  t r a n s e c t  and some 
in n e r  c o n t i n e n t a l  s h e l f  s t a t i o n s  have been  sampled to  d e s c r i b e  th e  
d i s t r i b u t i o n  and abundance o f  th e  m acroben thos  (D auer a J , . , 1 9 8 4 ) .  
However, t h e s e  s t u d i e s  w ere n o t  s p e c i f i c l y  d e s ig n e d  to  c h a r a c t e r i z e  th e  
b e n th o s  a t  th e  bay  m outh.
S tu d ie s  o f  s u b t i d a l  b e n th o s  have been  conduc ted  in  wide e n t r a n c e s  
and i n l e t s  o f  s i m i l a r  sed im en to lo g y  a long  th e  e a s t  c o a s t  o f  th e  U nited  
S t a t e s  ( B r e t t ,  1963; K in n e r  &1.., 1974; D o rg e s , 1977; M aurer gJt a l . r 
1978; Ewing and D au e r ,  19 8 2 ) .  These s t u d i e s  a re  summarized be low .
I n l e t s  were among th e  en v iro n m en ts  s tu d i e d  by B r e t t  (1963) in  Bogue 
Sound, N orth  C a r o l i n a .  Both B e a u fo r t  and Bogue I n l e t  were th e  
en v iro n m en ts  o f  h i g h e s t  e n e rg y .  Sedim ents  were c h a r a c t e r i z e d  as  f i n e ,  
w e l l  s o r t e d  sands  w i th  low s i l t  and c l a y  c o n t e n t .  In fa u n a  was b a s i c a l l y  
composed o f  g a s t ro p o d s  and p e le c y p o d s ,  d e p o s i t  f e e d e r s  (37%) b e in g  th e  
dom inan t fe e d in g  ty p e .  Almost as im p o r ta n t  were f i l t e r  f e e d e r s  (30%) 
and p r e d a t o r s  (29%). Many o f  th e  m o llu sc  s p e c ie s  were r e s t r i c t e d  to  th e  
i n l e t  e n v i ro n m e n t ,  w h i le  a  r e l a t i v e l y  l a r g e  number o f  o t h e r  s p e c ie s  
showed a marked o c e a n ic  i n f l u e n c e .
K in n e r  a.1* (1974) d e s c r ib e d  th e  m acro b en th ic  com m unities  a t  th e  
mouth o f  th e  D elaw are Bay. Grab sam ples ta k e n  o v e r  a wide range  o f  
sed im en t  t y p e s ,  r e v e a le d  two m ajo r  a n im a l- s e d im e n t  a s s o c i a t i o n s :  a sand 
w i th  low s i l t - c l a y  a s s o c i a t i o n  and a h ig h  s i l t - c l a y  a s s o c i a t i o n .  The
8l a t e r  was c o n f in e d  to  n e a r  s h o re  sed im en ts  a t  Cape H enlopen. Sands were 
c h a r a c t e r i z e d  by th e  amphipods P r o t o h a u s t o r i u s  w ig l e y i  and Rhepoxynius 
e p i s to m u s . and muds w ere c h a r a c t e r i z e d  by two d e p o s i t  f e e d e r s ,  th e  
b i v a l v e  p rox im a and th e  p o ly c h a e te  H ete rom astu s  f i l i f o r m i s . The
b i v a l v e  XsUli n a  a g i l i s  and th e  amphipod A m pelisca  v e r r i l l i  were 
t r a n s i t i o n a l  be tw een  sand and mud. F au n a l  d e n s i t y  was low and s p e c ie s  
d i v e r s i t y  was found to  be  g r e a t e r  in  sandy sed im en ts  w i th  low p e rc e n ta g e  
(0-25%) o f  s i l t  and c l a y .  The s p e c i e s  t h a t  c h a r a c t e r i z e d  th e  
com m unities  in  t h i s  s tu d y  w ere a l s o  r e p o r te d  by M aurer &1. (1 9 7 8 ) .
In  t h e i r  D elaw are  bay -w id e  s u r v e y ,  t r a n s e c t s  a t  t h e  mouth o f  th e  bay 
r e v e a le d  two b e n th ic  a s s e m b la g e s .  These assem blages  were r e s p e c t i v e l y  
r e s t r i c t e d  to  m o b ile  medium and f i n e  sands a t  th e  m id d le  o f  th e  mouth, 
and to  s i l t i e r  f i n e  sands  n e a r  th e  c a p e s .
The s h o a ls  a t  th e  e n t r a n c e  to  Doboy Sound o f  S ape lo  I s l a n d ,
G e o rg ia ,  were s tu d ie d  by Dorges (1 9 7 7 ) .  The a r e a  e x h i b i t e d  m acroben th ic  
s p e c i e s  t y p i c a l  o f  a h ig h  energy  e n v iro n m e n t .  H a u s to r i id  amphipods and 
th e  c lam  Donax v a r i a b i l i s  were th e  most abundan t s p e c i e s .  There was a 
d i f f e r e n c e  in  s p e c ie s  abundance betw een h ig h  exposed and l e s s  exposed 
a r e a s  o f  a s h o a l ,  w i th  in c re a s e d  number o f  i n d i v i d u a l s  on th e  le e  s i d e .
Ewing and D auer (1982) sampled th e  b e n th o s  o f  Old P l a n t a t i o n  C reek ,  
K ings C re e k ,  C h e r ry s to n e  I n l e t  and a d j a c e n t  bay a r e a s  to  d e f in e  
m a c ro b en th ic  s t r u c t u r e  and d i s t r i b u t i o n  in  th e  low er Chesapeake Bay.
The n e a r s h o r e  s h o a l  s i t e s  c o n ta in e d  dynamic sandy sed im en ts  w i th  low 
s p e c i e s  r i c h n e s s  and a community o f  s p e c ie s  adap ted  f o r  bu rrow ing  in  
s h i f t i n g  s a n d s ,  s i m i l a r  to  th e  com m unities  o f  th e  s t u d i e s  summarized
9above .  The b i v a l v e  Gemma gemma was th e  most abundan t s p e c ie s  on s h o a l s .  
S p ec ie s  r i c h n e s s  and evenness  in c re a s e d  in  th e  o f f s h o r e  s i t e s .  These 
s i t e s  were in h a b i t e d  by s p e c i e s  common to  d e e p e r  sands  such  as th e  
p o ly c h a e te  gp ipphanes  bombyx, th e  m o l lu sc s  A c te o c in a  c a n a l i c u l a t a  and 
Tfilliflfl fl.fcjj.is. and th e  amphipods A m pelisca v e r r i l l i  and Rhepoxvnius 
flpistgiws*
The aim o f  th e  p r e s e n t  s tu d y  i s  to  g a in  a b e t t e r  u n d e r s ta n d in g  o f  
how c o a s t a l  o c e a n ic  c o n d i t i o n s  i n t e r a c t  w i th  a l a r g e  e s t u a r i n e  system  to  
in f l u e n c e  m a c ro b en th ic  community s t r u c t u r e  a t  th e  C hesapeake Bay 
e n t r a n c e •
O b je c t iv e s  a r e :
1 . To d e te rm in e  community s t r u c t u r e  o f  th e  m a c ro b en th o s .
2 .  To d e te rm in e  th e  s p a t i a l  d i s t r i b u t i o n  p a t t e r n s  o f  m acro b en th o s .
3 .  To t e s t  th e  h y p o th e s i s  t h a t  com m unities  in  th e  s tu d y  a r e a  a re
s i m i l a r  w i th  re g a rd  to  w a te r  d e p th  and sed im en t ty p e .
4 .  To r e l a t e  community p a t t e r n s  to  p h y s i c a l  e n v iro n m e n ta l  f a c t o r s :
sed im en t ty p e ,  w a te r  d e p th  and t i d a l  c i r c u l a t i o n  p a t t e r n s .
Study Area
The s tu d y  a r e a  i s  lo c a te d  betw een Cape C h a r le s  and Cape Henry a t  
t h e  e n t r a n c e  to  C hesapeake Bay. I t  e x ten d s  southw ard  o f f  V i r g in i a  Beach
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and westward i n t o  Thimble Shoal C h an n e l ,  Chesapeake Channel and a d j a c e n t  
s h o a l s .  The e x a c t  l o c a t i o n  o f  th e  a r e a  w i th  l a t i t u d e  and lo n g i tu d e  
c o o r d in a t e s  i s  shown in  f i g u r e  2 .
C hesapeake Bay i s  th e  l a r g e s t  e s t u a r y  in  th e  U nited  S t a t e s ;  i t  has
2a d r a in a g e  a r e a  o f  120 ,000 km and an a n n u a l  av e ra g e  f r e s h  w a te r  r u n - o f f  
3 -1r a t e  o f  1 ,600  m sec  . The e n t r a n c e  to  th e  bay i s  w id e ,  m easuring  17 km 
betw een  Cape C h a r le s  and Cape Henry, Wave a c t i o n  i s  o f  m odera te  energy  
and t i d a l  c u r r e n t s  a r e  s t r o n g  in  th e  a r e a .  At th e  s u r f a c e ,  maximun ebb 
has  b een  measured to  be  132 cm /sec and maximun f l o o d ,  105 c m /s e c .  At 
th e  b o t to m ,  maximun ebb i s  79 cm /sec  and maximun f l o o d ,  66 cm /sec 
(Ludw ick, 19 7 3 ) .
The main m o rp h o lo g ic a l  f e a t u r e s  a t  th e  e n t r a n c e  a r e  sand banks and 
s h o a ls  a l t e r n a t i n g  w i th  deep t i d a l  c h a n n e ls  ( f i g u r e  2 ) .  Sand s h o a ls  and 
sed im en t t r a n s p o r t  p r o c e s s e s ,  p a r t i c u l a r l y  in  th e  n o r th e r n  p a r t  o f  th e  
bay e n t r a n c e ,  have been  e x t e n s i v e l y  s tu d ie d  by Ludwick (1973 , 1974,
1975, 1981) and G rana t and Ludwick (1 9 8 0 ) .  These s h o a ls  form ebb and 
f lo o d  d e l t a s  a lm o s t l in k e d  in  a z ig - z a g  f a s h io n .  With an av e ra g e  d e p th  
o f  2 .5  m, th e y  a r e  o f t e n  s i t e s  o f  a c t i v e  d e p o s i t i o n ,  a c t i n g  as a t r a p  
f o r  sands  t h a t  a r e  e roded  in  n e ig h b o r in g  a r e a s  and t r a n s p o r t e d  by n e a r  
bo tto m  f low .
In  a d d i t i o n  to  th e  s h o a l s ,  sand waves a re  a l s o  p r e s e n t .  Sand waves 
and sm a l l  c u r r e n t - g e n e r a t e d  r i p p l e s  a r e  found on th e  n o r th e r n  and 
s o u th e rn  m arg ins  o f  th e  N orth  C h an n e l ,  and on top  o f  s h o a ls  a t  i t s  
seaward e x t r e m i t y .  Sand waves range  from 1 .5  t o  3 m in  h e ig h t  and from
13
6 to  2 4 .4  m in  l e n g th  betw een  s u c c e s s iv e  c r e s t s  (Ludw ick, 1970a, 1970b, 
1 9 7 2 ) .  Ludwick found t h a t  most o f  th e  sand waves s tu d ie d  a re  
a s y m m e tr ic a l  in  p r o f i l e ,  s u g g e s t in g  t h a t  th ey  m ig ra te  in  th e  d i r e c t i o n  
o f  th e  p redom inan t c u r r e n t  in  th e  a r e a .  Depending on w h e th e r  th e  s te e p  
s i d e  i s  f a c in g  seaward o r  lan d w ard ,  sed im en t t r a n s p o r t  w i l l  be e i t h e r  
ebb o r  f lo o d  d i r e c t e d ,  r e s p e c t i v e l y .  I t  has a l s o  been  shown t h a t  g r a i n  
s i z e  i s  b im odal in  sand w aves ,  w i th  th e  c o a r s e r  f r a c t i o n  e i t h e r  on 
c r e s t s  o r  on t r o u g h s ,  d epend ing  on w h e th e r  th e y  a r e  m ig r a t in g  o r  non­
m i g r a t i n g  waves (Ludwick and W e l ls ,  19 7 4 ) .
A verage w a te r  d e p th  a t  th e  e n t r a n c e  to  Chesapeake Bay i s  11 .3  m.
The n o r t h e r n  p a r t  i s  s h a l lo w e r  w i th  an av e ra g e  d e p th  o f  6 .5  m and a 
maximum d e p th  o f  17 .1  m a t  th e  North  C hanne l .  Towards th e  s o u th e rn  
p a r t ,  Chesapeake Channel and Thimble Shoal Channel have maximum d e p th s  
o f  1 6 .8  m and 28 m r e s p e c t i v e l y .  The complex c i r c u l a t i o n  p a t t e r n s  in  
th e  s tu d y  a r e a  and a d j a c e n t  in n e r  c o n t i n e n t a l  s h e l f  have been  s tu d ie d  by 
J o s e p h ,  Hassmann and N orcross  ( 1 9 6 0 ) ,  N orcross  and S ta n le y  (1 9 6 7 ) ,
Bumpus (1 9 7 3 ) ,  Ludwick (1 9 7 3 ,  1974, 1 9 7 5 ) ,  G ranat and Ludwick (1980) and 
B o ic o u r t  (1 9 8 1 ) .
The c i r c u l a t i o n  a t  th e  e n t r a n c e  o f  th e  Chesapeake Bay i s  b a s i c a l l y  
t h a t  o f  a t y p i c a l  p a r t i a l l y  mixed c o a s t a l  p l a i n  e s t u a r y ,  c o n s i s t i n g  o f  a 
tw o - la y e r  f lo w , w i th  an u p p e r  l a y e r  o f  l o w - s a l i n i t y  w a te r  f low ing  
seaw ard and a low er l a y e r  o f  h ig h e r  s a l i n i t y  w a te r  f lo w in g  i n t o  th e  b a y .  
T h is  tw o - la y e re d  e s t u a r i n e  c i r c u l a t i o n  i s  m od if ied  by l o c a l  winds o ve r  
th e  b a y ,  p r e v a i l i n g  winds o v e r  th e  C o n t i n e n t a l  S h e l f ,  and th e  sea so n  o 
th e  y e a r .  Marked s t r a t i f i c a t i o n  o c c u rs  d u r in g  th e  s p r in g  months
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c o i n c i d i n g  w i th  a peak in  r i v e r  d i s c h a r g e ,  w h i le  s t r a t i f i c a t i o n  i s  a t  a 
minimum in  th e  w i n t e r .
I t  has  b een  g e n e r a l l y  r e p o r te d  t h a t  c o a s t a l  w a te r s  f low  i n t o  th e  
C hesapeake Bay around Cape C h a r l e s ,  w h i le  low s a l i n i t y  d i s c h a r g e  w a te r  
f low s a t  th e  s u r f a c e ,  p a s s in g  around Cape Henry and f lo w in g  sou thw ard  as 
a lo n g sh o re  j e t  ( J o s e p h ,  Hassmann and N o rc ro s s ,  1 9 6 0 ) .  Ludwick (1970b) 
showed t h a t ,  when d a t a  on th e  s p e e d ,  d i r e c t i o n  and d u r a t i o n  o f  n e a r ­
b o t to m  t i d a l  c u r r e n t s  i s  com plim ented w i th  s t u d i e s  o f  sand wave 
m i g r a t i o n  and b o tto m  to p o g ra p h y ,  t i d a l  c i r c u l a t i o n  a t  th e  mouth o f  th e  
bay  r e s u l t s  in  a more com plex p a t t e r n .  A ccord ing  to  Ludwick (1 9 7 0 b ) ,  
and as i t  i s  shown in  f i g u r e  3 ,  p redom inan t in f lo w  a t  th e  bo ttom  i s  
a lo n g  N orth  Channel and around Cape Henry i n t o  Thimble Shoal Channel and 
C hesapeake C h an n e l .  S i m i l a r l y ,  d a t a  from c u r r e n t  m e te rs  and 
t e m p e r a t u r e - s a l i n i t y  r e c o r d e r s  moored a t  s e v e r a l  l o c a t i o n s  and d e p th s  
a c r o s s  th e  bay e n t r a n c e  and o f f s h o r e ,  r e v e a le d  a main in f lo w  o f  w a te r  
a lo n g  th e  deep c h a n n e l  n e a r  Cape Henry ( B o ic o u r t ,  1981) .  Some in f lo w  o f  
w a te r  i s  a l s o  e v id e n t  a long  th e  N orth  C hanne l ,  a l th o u g h  th e  s tu d y  by 
B o ic o u r t  (1981) d id  n o t  p r o v id e  enough d a t a  f o r  c o n f i r m a t i o n .  The main 
and s t r o n g  o u tf lo w  a t  th e  s u r f a c e  o f  l e s s  den se  w a te r  from th e  bay 
e x te n d s  around Cape Henry and sou thw ard  a long  V i r g in i a  and North  
C a r o l in a  c o a s t s .  This  w a te r  appea red  as a wide muddy plume le a v in g  th e  
b a y ,  as observed  d u r in g  th e  f l i g h t  o f  a VIMS r e s e a r c h  a i r c r a f t  in  March 
1980, and as a n a r ro w e r  j e t  o f  t u r b i d  w a te r  a lo n g sh o re  in  June and 
O c tober  1980 f l i g h t s  (Thomas, 1 9 8 1 ) .
F ig u re  3 Net n o n t i d a l  f lo w  p a t t e r n  a t  th e  b o tto m  in  th e  e n t r a n c e  
Chesapeake Bay. Arrows i n d i c a t e  ebb o r  f lo o d  flow 
p red o m in an ce .  A f t e r  Ludwick (1 9 7 0 b ) .
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S a l i n i t y  s t r u c t u r e  a t  th e  mouth o f  th e  bay i s  a l s o  d ep en d en t on 
wind and s e a s o n .  F ig u re  4 shows th e  s a l i n i t y  d i s t r i b u t i o n  a c ro s s  th e  
e n t r a n c e  f o r  O ctober  15 , 1980 as m easured by Ruzecki (1 9 8 1 ) .  S a l i n i t y  
d i s t r i b u t i o n  f o r  J u ly  1980 ( B o ic o u r t ,  1981) i s  ex p ec ted  to  be lo w er ,  
showing a ran g e  o f  29%» to  31%o a t  th e  bo ttom  and 29%» to  24%» a t  th e  
s u r f a c e ,  from th e  n o r t h e r n  to  th e  s o u th e rn  p a r t  o f  th e  e n t r a n c e .
The sed im en t o f  th e  bay  mouth i s  c h a r a c t e r i z e d  by u n i fo rm ,  w e l l  
s o r t e d  f i n e  and v e ry  f i n e  s a n d s ,  o v e r la y in g  an u n i t  o f  s i l t y  c l a y  to  
sandy s i l t  sed im en t d e p o s i t e d  d u r in g  th e  Holocene t r a n g r e s s i o n  
(M e is b u rg e r ,  1 9 7 2 ) .  P a tc h e s  o f  c o a r s e  sand a r e  p r e s e n t  in  th e  n o r th e r n  
p a r t ,  and p a tc h e s  o f  s i l t  and c l a y  a r e  p r e s e n t  n e a r  th e  s h o re  in  th e  
s o u th e r n  p a r t ,  e x te n d in g  i n t o  th e  Bay a long  Thimble Shoal Channel and 
C hesapeake C h an n e l .
METHODS
E xperim ental D esign
The e n t r a n c e  to  th e  C hesapeake Bay i s  c h a r a c t e r i z e d  by 4 n a t u r a l  
t i d a l  c h a n n e ls  s e p a r a t e d  by s h o a l s .  Using t h i s  n a t u r a l  p h y s i c a l  
s t r u c t u r e s  th e  e n t r a n c e  can  be d iv id e d  i n t o  10 s t r a t a  ( o r  s u b a re a s )  
encom passing  3 m a jo r  a r e a s  ( f i g u r e  5 ) :  I n n e r ,  w i th  4 s t r a t a  (IA» IB , IC , 
ID ) ;  M id d le ,  w i th  3 s t r a t a  (MA, MB, MC); and O u te r ,  w i th  3 s t r a t a  (OA, 
OB, OC). S t r a t a  were a r ra n g e d  a c c o rd in g  to  w a te r  d e p t h .  Shallow  (< 9 .1  
m) and deep (>  9 .1  m) s t r a t a  a r e  a l t e r n a t i n g  in  each  a r e a .  T h is  h a b i t a t  
d e l i n i a t i o n  le n d s  i t s e l f  to  a s t r a t i f i e d  random sam pling  d e s i g n .  
S t r a t i f i e d  random sam pling  i s  b e s t  when th e  a r e a  to  be  sampled has a 
l a r g e - s c a l e  e n v i ro n m e n ta l  p a t t e r n .  Then, th e  a r e a  can  be b ro k en  up in t o  
r e l a t i v e l y  homogeneous b o tto m  s u b a re a s  o r  s t r a t a  fo llow ed  by random 
a l l o c a t i o n  o f  sam p ling  s i t e s  (G reen ,  1 979 ) .
Based on a p r e l i m i n a r y  c o n s u l t a t i o n  o f  d e t a i l e d  sed im en t c h a r t s  
p roduced  by th e  VIMS D epartm ent o f  Geology, each  s t r a t u m  was assumed to  
be  homogeneous w i th  r e s p e c t  to  sed im en t  type  and w a te r  d e p t h .  The 
em phasis  o f  t h i s  s tu d y  r e s i d e s  in  com paring  th e  t h r e e  a r e a s  ( I n n e r ,  
M iddle and O ute r)  and t h e i r  s t r a t a  t o  one a n o th e r  t o  d e t e c t  p o s s i b l e  
d i f f e r e n c e s  in  m a cro b en th ic  s t r u c t u r e  and s p e c ie s  abundance which may be
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F ig u re  5 L o c a t io n  o f  sam pling  s t r a t a  w i th  i n d i c a t i o n  o f  random 
sam pling  s t a t i o n s  and c o d e s .  D epth c o n to u r  d e l i n e a t i n g  
s t r a t a  i s  9 .1  m
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r e l a t e d  t o  sed im en t  p a ra m e te r s  and t i d a l  c i r c u l a t i o n  p a t t e r n s .  Only ■ 
s ed im en ts  w i th  l e s s  th a n  20% mud c o n t e n t  were c o n s id e r e d .  In  an 
o th e rw is e  sandy e n v i ro n m e n t ,  a v o id in g  muddy p a tc h e s  would a l lo w  u s  to  
d e s c r i b e  th e  m acroben thos  in  te rm s o f  d i f f e r e n c e s  in  sand g r a i n  s i z e  and 
sed im en t  dynam ics in  th e  s tu d y  a r e a .
Nine sam pling  s i t e s  f o r  each  s t r a tu m  were d e te rm in e d  by s e l e c t i n g  
a t  random p a i r s  o f  numbers from a random number t a b l e .  A g r id  p a p e r  was 
superim posed  f o r  eac h  s t r a t u m  o v e r  a c h a r t  o f  th e  bay m outh, and each  
p a i r  o f  random numbers d e f in e d  a sam pling  s i t e  o r  s t a t i o n  in  th e  g r i d .  
B ecause  o f  th e  d e s i g n ,  th e  9 sam ples in  th e  s t r a t u m  may be c o n s id e re d  as 
t r u e  r e p l i c a t e s .  Samples from 71 s t a t i o n s  ( f i g u r e  3) were p r o c e s s e d .  
Some o f  th e  re m a in in g  sam ples  were l o s t  and o th e r s  c o n ta in e d  s i l t - c l a y  
in  e x c e ss  o f  20%.
Samp1in g  and L aboratory Procedure
M acrobenthos was sampled d u r in g  t h r e e  days  in  O ctober  1982.
2
Sampling c o n s i s t e d  o f  one 0 .1  m S m ith -M cln ty re  g rab  p e r  s t a t i o n .  From 
eac h  sam p le ,  a s m a l l  s ed im en t c o r e  ( 3 .5  cm d ia m e te r )  was removed f o r  
a n a l y s i s  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n  and o rg a n ic  c a rb o n  c o n t e n t .  In  
a d d i t i o n ,  f o r  each  sam p le ,  sed im en t te m p e ra tu re  and w a te r  d e p th  were 
r e c o r d e d .
The S m ith -M cln ty re  g ra b s  were em ptied  i n t o  b u c k e ts  and t h e i r  
c o n t e n t s  s i f t e d  on board  th ro u g h  a 0 .5  mm mesh N ite x  s c r e e n .  The
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o rgan ism s  t ra p p e d  on th e  s c r e e n  w ere t r a n s f e r e d  to  l a b e le d  j a r s  w i th  
s e a w a te r  and a n e s t h e t i z e d  in  i s o t o n i c  MgCl^ f o r  abou t 30 m in u te s .  
S u b s e q u e n t ly ,  th e  o rgan ism s  were p re s e rv e d  in  10% b u f f e r e d  fo rm a l in  w i th  
Rose B engal as  a v i t a l  s t a i n .
In  th e  l a b o r a t o r y ,  sam ples were washed in  f r e s h  w a te r  and th e  
o rgan ism s  s o r t e d  i n t o  m a jo r  t a x a  u s in g  a b i n o c u l a r  d i s s e c t i n g  
m ic ro s c o p e .  Samples w i th  e x c e s s iv e  amounts o f  sand were p la c e d  in  an 
enamel pan and e l u t r i a t e d  th ro u g h  a 0 .5  mm mesh s c r e e n  to  s e p a r a t e  th e  
" l i g h t "  f r a c t i o n .  The r e s t  o f  th e  sam p le ,  o r  "heavy" f r a c t i o n ,  was 
c a r e f u l l y  examined w i th  th e  naked eye f o r  s t a i n e d  o rg a n is m s .  A f t e r  
s o r t i n g ,  th e  o rgan ism s were s to r e d  in  70% e th a n o l  f o r  su b se q u e n t  
i d e n t i f i c a t i o n .
Sedim ent A nalyses
Sedim ent c o r e s  from th e  g ra b s  rem ained f ro z e n  u n t i l  t o t a l  o rg a n ic  
c a rb o n  was d e te rm in e d .  From each  sed im en t c o r e ,  a sample was used  f o r  
p a r t i c l e  s i z e  a n a ly s e s  fo l lo w in g  th e  p ro c e d u re s  d e s c r ib e d  in  Folk  
(1 9 8 0 ) .  Sand was s e p a r a t e d  from mud by wet s i e v i n g .  The mud f r a c t i o n  
was th e n  ana lyzed  f o r  p e r c e n ta g e  s i l t - c l a y  by p i p e t t e ,  a method based  on 
th e  s e t t l i n g  v e l o c i t y  f o r  p a r t i c l e s  s m a l l e r  th a n  63 m icrons  ( F o lk ,
1 9 8 0 ) .
The sand f r a c t i o n  was an a ly zed  u s in g  a Rapid Sedim ent A n a ly ze r  
(RSA) lo c a te d  a t  VIMS D epartm ent o f  G eology. The RSA i s  a s e t t l i n g  tube
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sy s tem  t h a t  m easures  f a l l i n g  v e l o c i t i e s  o f  s a n d - s i z e  (>63 m ic ro n s )  
p a r t i c l e s  (G ib b s ,  19 7 4 ) ,  An an a lo g  r e c o r d in g  s t r i p  c h a r t  re c o rd e d  th e  
r e s u l t s  in  form o f  a c u m u la t iv e  c u rv e  o f  th e  w e ig h t as  a f u n c t i o n  o f  
t im e .  Graphs were th e n  d i g i t i z e d  and s e n t  to  th e  com puter  f o r  n u m e ric a l  
a n a l y s i s .  The com puter  p rogram  dev e lo p ed  u s e s  an e q u a t io n  t h a t  r e l a t e s  
sp h e re  s i z e  to  s e t t l i n g  v e l o c i t y  (G ibbs &£. slL» , 1 9 7 1 ) .  The g r a i n  s i z e  
p a ra m e te r s  c a l c u l a t e d  w ere :  s i l t - c l a y ,  v e ry  f i n e  s a n d ,  f i n e  s a n d ,  medium 
sand and c o a r s e  sand p e r c e n t a g e s ,  a c c o rd in g  to  W entw orth 's  (1922) g rad e  
s c a l e .  Because o f  th e  s m a l l  amount o f  s i l t - c l a y  p r e s e n t  in  most o f  th e  
sa m p le s ,  th e  s i z e  d i s t r i b u t i o n  o f  t h i s  f r a c t i o n  was n o t  m easured . 
T h e r e f o r e ,  i t  was n o t  p o s s i b l e  t o  c a l c u l a t e  th e  g ra p h ic  m easures  ( i . f i . . , 
mean, s ta n d a r d  d e v i a t i o n  and s o r t i n g )  o f  F o lk  (1 9 8 0 ) .  However, a 
m easure  o f  th e  s o r t i n g  f o r  th e  sand f r a c t i o n  was p ro v id ed  by th e  
s t a t i s t i c a l  s ta n d a rd  d e v i a t i o n .
P e r c e n t  t o t a l  o rg a n ic  c a rb o n  (TOC) o f  s e v e r a l  subsam ples  was 
m easured w i th  a LECO a n a l y z e r .  The method c o n s i s t s  o f  th e  com bust ion  o f  
o rg a n ic  ca rb o n  and th e  s u b se q u e n t  measurement o f  th e  volume d i s p l a c e d  by 
th e  CO2 p ro d u c e d .  P re v io u s  t o  th e  a n a l y s i s ,  th e  sed im en t subsam ples  
were oven d r i e d  and w eighed . I n o rg a n ic  ca rb o n  was removed by d i g e s t i o n  
w i th  10% HC1 f o r  t h r e e  h o u r s .
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D ata A nalyses
D ata  were reduced  by e l i m i n a t i o n  o f  low f req u en cy  s p e c ie s  and o f  
t a x a  above th e  s p e c i e s  l e v e l  w i th  l i t t l e  o r  no b i o l o g i c a l  meaning* For 
n u m e r ic a l  c l a s s i f i c a t i o n  and n o d a l  a n a l y s e s ,  s p e c ie s  p r e s e n t  in  no more 
th a n  3 sam ples  were d e l e t e d .  F o r  o r d i n a t i o n ,  s p e c i e s  p r e s e n t  in  no more 
th a n  3 sam ples  were d e l e t e d .
D a ta  r e d u c t io n  i s  a common p ro c e d u re  in  e c o l o g i c a l  su rv ey s  t h a t  
g e n e r a t e  l a r g e  amounts o f  i n f o r m a t io n .  I t  i s  l e f t  t o  th e  c r i t e r i a  o f  
th e  i n v e s t i g a t o r  to  d e c id e  w hich s p e c ie s  shou ld  be  e l im in a te d  from th e  
a n a l y s e s ,  b u t  g e n e r a l l y ,  r a r e  s p e c ie s  ( jL.fi.*» s p e c ie s  o c c u r r in g  in  l e s s  
th a n  some a r b i t r a r y  f re q u e n c y )  a r e  d e l e t e d .  Rare s p e c i e s ,  p ro v id ed  th e y  
a r e  n o t  h a b i t a t  r e s t r i c t e d ,  do n o t  o f f e r  any p a r t i c u l a r  p a t t e r n  (B oesch , 
1 9 7 7 a ) .
D a ta  were an a ly zed  u s in g  m u l t i v a r i a t e  a n a ly s e s  (n u m e r ic a l  
c l a s s i f i c a t i o n  and o r d i n a t i o n )  to  show community d i s t r i b u t i o n  by 
groviping s i m i l a r  s t a t i o n s  and s p e c i e s .  M u l t i p le  d i s c r i m i n a n t  a n a l y s i s  
was used  t o  c o r r e l a t e  th e  s t a t i o n  group s e p a r a t i o n  w i th  sed im en t type  
and w a te r  d e p t h .
P re v io u s  to  th e  a n a l y s e s ,  d a t a  were t ra n s fo rm e d  u s in g  lo g (x + l)  
(S o k a l  and R o h lf ,  1 9 8 1 ) .  T ra n s fo rm a t io n s  were n e c e s s a r y  to  l e s s e n  th e  
s e n s i t i v i t y  o f  th e  s i m i l a r i t y  m easure  t o  l a r g e  abun d an ces .
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N um erical c l a s s i f i c a t i o n  a s s ig n s  s p e c ie s  and sam ples to  g roups 
a c c o rd in g  to  t h e i r  s i m i l a r i t y .  R e s u l t s  a r e  g r a p h i c a l l y  p r e s e n te d  in  th e  
form o f  a dendogram where s i m i l a r  e n t i t i e s  a r e  grouped t o g e t h e r .  
S ev en ty -o n e  s t a t i o n s  were an a ly zed  u s in g  th e  com puter  program  COMP AH 
(Boesch and D ia z ,  1 9 8 5 ) .  Two ty p e s  o f  c l a s s i f i c a t i o n s  were p ro d u ced : 
norm al ( c l a s s i f i c a t i o n  o f  s t a t i o n s )  and in v e r s e  ( c l a s s i f i c a t i o n  o f  
s p e c i e s ) .  Normal c l a s s i f i c a t i o n  grouped s i m i l a r  s t a t i o n s  w i th  s p e c ie s  
as  a t t r i b u t e s ,  w h i le  in v e r s e  c l a s s i f i c a t i o n  grouped s p e c i e s  a c c o rd in g  to  
t h e i r  abundance .
The B r a y - C u r t i s  s i m i l a r i t y  c o e f f i c i e n t  ( C l i f f o r d  and S tephenson ,  
1975) was used  in  i t s  d i s s i m i l a r i t y  form:
£  | x . . -  x .  |
D = £ _____U __
jk  £  (x .  .+ x . ,  )J l  l j  lk
where D i s  th e  d i s s i m i l a r i t y  be tw een  sam ples j  and k ,  x .  . i s  th e  jk  J i j
abundance o f  s p e c ie s  i  in  sample j  and th e  abundance o f  s p e c ie s  i
in  sample k .  T h is  in d e x ,  w id e ly  used  in  m arine  eco lo g y  (fi..g.«, N ic h o ls ,  
1970; Day a t  & !• ,  1971; Gage, 1 9 7 4 ) ,  compares th e  p e rc e n ta g e  abundance 
o f  s p e c ie s  p r e s e n t  in  two s a m p le s .
F l e x i b l e  s o r t i n g  (Lance and W il l ia m s ,  1967) w i th  th e  ^  c o e f f i c i e n t  
s e t  a t  -0 .2 5  was th e  c l u s t e r i n g  method u s e d .  C o m b in a to r ia l  and 
h i e r a r c h i c a l  c l a s s  i f i c a t o r y  s t r a t e g i e s ,  have been  s u c c e s s f u l  n o t  o n ly  in  
t e r r e s t r i a l  p l a n t  eco lo g y  b u t  a l s o  in  b e n th ic  e c o lo g y .  P a r t i c u l a r l y ,  
f l e x i b l e  s o r t i n g  has  been  e x t e n s i v e l y  used  by th e  "C anberra  S chool"  o f
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e c o l o g i s t s  (S te p h e n so n  eJL & 1 . , 1970; S tephenson  and W il l ia m s ,  1971; 
S tephenson  aJL*, 1972; W illiam s and S tep h e n so n ,  1 9 7 3 ) .  With th e
c l u s t e r  i n t e n s i t y  c o e f f i c i e n t  ^  s e t  a t  - 0 . 2 5 ,  f l e x i b l e  s o r t i n g  i s  a 
m ode ra te  s p a c e - d i l a t i n g  s t r a t e g y  t h a t  e l im i n a t e s  th e  e x c e s s iv e  c h a in in g  
o f  g roups  a s s o c i a t e d  w i th  s p a c e - c o n t r a c t i n g  t e c h n iq u e s .  A ls o ,  sp ace  
c o n t r a c t i n g  te c h n iq u e s  su ch  as s i n g l e  l in k a g e  a r e  p ro n e  to  
m i s c l a s s i f i c a t i o n s  (S te p h e n so n  a t  a i « » 1972) .  In  a d d i t i o n ,  f l e x i b l e  
s o r t i n g  forms groups o f  r a r e  s p e c i e s  t h a t ,  w i th  o t h e r  t e c h n iq u e s ,  would 
be  c h a in e d  on to  g roups  o f  abundan t s p e c i e s .  T h is  seems m e an in g fu l  
s i n c e  t h e r e  i s  much low er re sem b lan ce  betw een l e s s  common s p e c ie s  than  
be tw een  abundan t ones (B o esch ,  1 9 7 7 a ) .
One s t e p  f u r t h e r  toward th e  u n d e r s ta n d in g  o f  e n t i t y  (sam p les  and 
s p e c i e s )  i n t e r - r e l a t i o n s  b ased  on t h e i r  s i m i l a r i t y ,  i s  to  subm it th e  
d a t a  m a t r ix  to  an o r d i n a t i o n  a n a l y s i s .  While c l a s s i f i c a t i o n  a s s ig n s  
sam ples and s p e c ie s  to  g ro u p s ,  o r d i n a t i o n  a r r a n g e s  th e  e n t i t i e s  in  a 
m u l t i - d im e n s io n a l  s p a c e .  For o r d i n a t i o n s  to  be u s e f u l ,  th e  g r e a t e r  
p e r c e n ta g e  o f  th e  v a r i a n c e  in  th e  d a t a  m a t r ix  needs  to  be accoun ted  f o r  
by th e  f i r s t  t h r e e  o r d i n a t i o n  a x e s .  O r d in a t io n  g iv e s  a c l e a r e r  view  o f  
th e  s e p a r a t i o n  o f  e n t i t i e s  in  sp ace  in  te rm s o f  e n v iro n m e n ta l  g r a d i e n t s .  
F a c to r s  r e s p o n s i b l e  f o r  any e n v i ro n m e n ta l  t r e n d  a r e  n o t  i d e n t i f i e d  by 
th e  o r d i n a t i o n ;  i t  i s  n e c e s s a r y  t o  ap p ly  o t h e r  m u l t i v a r i a t e  approches  
(fi.«g.,, m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s )  to  e l u c i d a t e  them.
R e c ip ro c a l  A verag ing  ( H i l l ,  1973) was a p p l ie d  to  th e  d a t a  u s in g  th e  
program  ORDIFLEX (G auch, 1 9 7 7 ) .  R e c ip ro c a l  A verag ing  i s  an o r d i n a t i o n  
method t h a t  com bines b o th  w eig h ted  av e ra g e s  and e i g e n v e c to r  a n a l y s e s .
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In  th e  i t e r a t i o n  a l g o r i t h m ,  w e ig h ts  a r e  a p p l ie d  t o  th e  s p e c ie s  o f  th e  
d a t a  m a t r i x ,  w eig h ted  av e ra g e s  a r e  c a l c u l a t e d  and sam ples s c o re s  
o b ta in e d  from them. New s p e c ie s  s c o r e s  a r e  c a l c u l a t e d  by u s in g  th e  
sam ples  s c o r e s  as w e ig h t s .  The p ro c e s s  i s  r e p e a te d  u n t i l  th e  s c o re s  
s t a b i l i z e  and an o p t im a l  s o l u t i o n  i s  reac h ed  ( H i l l ,  19 7 3 ) .  The 
a d v an tag e  o f  t h i s  i t e r a t i v e  method i s  t h a t  norm al and in v e r s e  
o r d i n a t i o n s  a r e  o b ta in e d  s im u l t a n e o u s l y .  Thus, th e  o r d i n a t i o n s  can  be  
compared to  i d e n t i f y  th o s e  s p e c ie s  t h a t  a r e  r e s p o n s ib l e  f o r  th e  
a r ran g em en t o f  sam ples  in  th e  o r d i n a t i o n  s p a c e .
One o f  th e  m a jo r  prob lem s re c o g n iz e d  in  i n d i r e c t  o r d i n a t i o n  
te c h n iq u e s  i s  th e  assum ption  o f  l i n e a r  change o f  v a r i a b l e s  a long  th e  
e n v i ro n m e n ta l  g r a d i e n t  (Gauch ££. aJL*, 1 9 7 7 ) .  As s p e c ie s  d i s t r i b u t i o n s  
a r e  c u r v i l i n e a r  and n o n -m o n o to n ic , o r d i n a t i o n  te c h n iq u e s  a r e  a f f e c t e d  by 
n o n l i n e a r i t y  r e s u l t i n g  in  a d i s t o r t i o n :  th e  second a x i s  i s  u s u a l l y  a 
q u a d r a t i c  d i s t o r t i o n  o f  th e  f i r s t  a x i s .  However, R e c ip ro c a l  A veraging  
i s  l e s s  a f f e c t e d  by n o n l i n e a r i t y  th a n  P r i n c i p a l  Component A n a ly s i s ,  and 
i t  has been  shown to  be  s u p e r i o r  in  a n a ly z in g  community d a t a  s e t s  (Gauch 
2l . , 1977; Gauch, 1 9 8 2 ) .
Nodal A nalyses  (W il l iam s  and L am bert,  1961) were used to  r e l a t e  th e  
g roups  d e r iv e d  from norm al and in v e r s e  c l a s s i f i c a t i o n s .  Nodal a n a ly se s  
a r e  g r a p h i c a l l y  d i s p la y e d  in  two-way sam ples by s p e c ie s  g roups  t a b l e s  
where th e  d e n s i t y  p a t t e r n  o f  th e  " c e l l s "  i s  e x p re ssed  in  te rm s o f  
c o n s ta n c y ,  f i d e l i t y ,  s p e c ie s  abundance and dom inance.
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C onstancy  i s  th e  a v e ra g e  p r e s e n c e  a l l  members o f  a s p e c ie s  group in  
a g iv e n  sample group (S tep h en so n  a l * , 1 970 ) .  I t  was computed as 
f o l l o w s :
where a . . i s  th e  number o f  o c c u r re n c e s  o f  th e  s p e c ie s  o f  s p e c ie s  group i
and j .  The in d ex  i s  1 when a l l  s p e c i e s  o ccu r  in  a l l  sam ples in  th e  
g ro u p ,  and 0 when none o f  th e  s p e c i e s  a r e  p r e s e n t  in  th e  sample g ro u p .
F i d e l i t y ,  th e  d e g re e  to  which a s p e c ie s  i s  r e s t r i c t e d  to  a h a b i t a t ,  
was computed as f o l l o w s :
w i th  th e  same te rm s as  in  th e  C onstancy  in d e x .  F i d e l i t y  e x p re s s e s  th e  
f req u en cy  o f  s p e c ie s  o c c u r re n c e  in  a sample group compared to  th e  
o v e r a l l  f req u en cy  o f  o c c u r re n c e  in  a l l  sample g ro u p s .  An index  o f  l e s s  
th a n  1 i n d i c a t e s  t h a t  th e  f req u en cy  o f  th e  s p e c ie s  group i s  l e s s  than  
i t s  o v e r a l l  f r e q u e n c y ,  and an in d ex  g r e a t e r  th a n  1 i n d i c a t e s  t h a t  th e  
f req u en cy  o f  th e  group i s  g r e a t e r  th a n  i t s  o v e r a l l  f r e q u e n c y .
a .  .
i n  sample group j ,  and n^ and n .  a r e  th e  numbers o f  e n t i t i e s  in  g roups i
a .  . ^  n
Abundance was computed f o r  each  s p e c ie s  by d i v i d i n g  th e  mean 
abundance o f  th e  s p e c ie s  in  a sample group by i t s  mean abundance 
o v e r a l l ,  and a v e ra g in g  f o r  th e  s p e c ie s  group (B oesch ,  1 9 7 7 a) .
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M u l t ip le  d i s c r i m i n a n t  a n a l y s i s  (Rao, 1952; Cooley and L ohnes , 1962) 
was used  to  e l u c i d a t e  th e  a b i o t i c  f a c t o r s  most s t r o n g l y  r e l a t e d  to  
s t a t i o n  group s e p a r a t i o n ,  and h e n c e ,  to  th e  s p a t i a l  d i s t r i b u t i o n  
p a t t e r n s  o f  s p e c ie s  ab u n d an c es .  The a n a l y s i s  was p ro v id e d  by th e  SPSS 
package  (N ie  sJl , 1 9 7 5 ) .  The v a r i a b l e s  ( a b i o t i c  f a c t o r s )  u sed  in  th e
a n a l y s i s  w e re :  w a te r  d e p t h ,  p e r c e n ta g e s  o f  s i l t - c l a y ,  medium, f i n e  and
v e ry  f i n e  s a n d .  P e r c e n ta g e s  w ere t ran s fo rm e d  to  ap p ro x im ate  n o r m a l i t y  
u s in g  a r c s i n ^ p *  (S o k a l  and R o h lf ,  1 9 8 1 ) ,  where p i s  a p r o p o r t i o n .
Given a number o f  g roups  and a s e t  o f  v a r i a b l e s ,  d i s c r i m i n a n t  
a n a l y s i s  f in d s  a l i n e a r  c o m b in a t io n  o f  th e  v a r i a b l e s  ( l i n e a r  
d i s c r i m i n a n t  f u n c t io n )  such  t h a t  th e  d i f f e r e n c e  betw een  th e  g roups  i s  
m axim ized . The s e t  o f  v a r i a b l e s  a r e  t ran s fo rm e d  by th e  l i n e a r  
d i s c r i m i n a n t  f u n c t io n  i n t o  a s i n g l e  d i s c r i m i n a n t  s c o re  which maximizes 
t h e  r a t i o  o f  among group sum o f  s q u a re s  to  th e  w i th in  group sum o f
s q u a re s  (G reen and V a s c o t to ,  19 7 8 ) .
The a ssu m p tio n s  o f  th e  d i s c r i m i n a n t  a n a l y s i s  a r e :  1) m u l t i v a r i a t e  
norm al d i s t r i b u t i o n  o f  v a r i a b l e s ,  and 2) hom ogeneity  o f  v a r i a n c e s  and 
c o v a r i a n c e s  w i th i n  each  g ro u p .  A lthough  most e c o l o g i c a l  d a t a  do n o t  
e x h i b i t  hom ogeneity  o f  v a r i a n c e ,  th e  te c h n iq u e  i s  r o b u s t  and th e  
a ssu m p tio n s  a r e  g e n e r a l l y  s a t i s f i e d  (G reen ,  1 971 ) .  F u r th e rm o re ,  
m u l t i p l e  d i s c r i m i n a n t  a n a l y s i s  used  to  r e l a t e  s t a t i o n  groups  to  p h y s i c a l  
v a r i a b l e s  has b een  proved  to  be  an u s e f u l  t o o l  in  b i o l o g i c a l  r e s e a r c h  
(£.•&•» C a s s ie  and M ic h a e l ,  1968; K i^ rb o e ,  1979; F l i n t  and R a b a l a i s ,
1980; S h in ,  1982; V ecchione and G ra n t ,  1983) .
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The community s t r u c t u r e  s t a t i s t i c s  used  w ere s p e c ie s  r i c h n e s s  and 
e v e n n e s s .  S p ec ie s  r i c h n e s s ,  S . R . , (M a rg a le f ,  1958) was computed f o r  
e ac h  s t a t i o n  as  f o l lo w s :
S .R . -  f - - s  In  N
w here s i s  th e  number o f  s p e c ie s  and N, th e  t o t a l  number o f  i n d i v i d u a l s .  
E v en n e ss ,  J " ,  ( P i e l o u ,  1966) was computed f o r  each  s t a t i o n  in  th e  
f o l lo w in g  way:
Io g 2s
where H ' i s  th e  d i v e r s i t y  o b ta in e d  from Shannon"s index  o f  d i v e r s i t y  
(Shannon , 1948) and s i s  th e  number o f  s p e c i e s .
T e s t  o f  H y p o th es is
The h y p o th e s i s  t h a t  com m unities  in  th e  a r e a  a r e  s i m i l a r  was t e s t e d  
w i th  n o n p a ra m e tr ic  t e s t s .  D i s t r i b u t i o n - f r e e  s t a t i s t i c a l  p ro c e d u re s  were 
u t i l i z e d  s i n c e  th e  a ssu m p tio n s  o f  th e  One Way A n a ly s is  o f  V a r ian c e  co u ld  
n o t  be  met w i th  th e  a c t u a l  d a t a .  The assu m p tio n  o f  hom ogeneity  o f  
v a r i a n c e s  was v i o l a t e d  due to  th e  p r e s e n c e  o f  s p e c ie s  w i th  z e ro  
abundance in  some s t a t i o n s  and l a r g e  abundances in  o t h e r s .  Homogeneity 
o f  v a r i a n c e s  was t e s t e d  f o r  b o th  t ra n s fo rm e d  and u n tra n s fo rm e d  d a t a
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u s in g  two t e s t s :  B a r t l e t t ' s  t e s t  and F-max t e s t  ( r a t i o  o f  th e  l a r g e r  to
th e  s m a l l e r  v a r i a n c e ) •
To t e s t  w h e th e r  th e  sam ples c o l l e c t e d  came from th e  same 
p o p u l a t i o n ,  th e  Mann-Whitney U t e s t  was used  when com paring two groups  
o f  s a m p le s ,  and th e  K r u s t a l - W a l l i s  t e s t ,  when com paring more th a n  two 
in d e p e n d e n t  g ro u p s .  These n o n p a ra m e tr ic  s t a t i s t i c a l  t e s t s  were p ro v id e d  
by th e  SPSS package  (H u l l  and N ie ,  1 981 ) .
RESULTS
Sedim ents
T able  1 c o n t a i n s  th e  s t a t i o n  l o c a t i o n ,  d e p th  o f  w a te r ,  p e r c e n ta g e s  
o f  s i l t - c l a y ,  c o a r s e ,  medium, f i n e  and v e ry  f i n e  s a n d ,  and th e  
s t a t i s t i c a l  mean and s ta n d a rd  d e v i a t i o n  f o r  th e  sand f r a c t i o n  in  p h i  
u n i t s .  Sedim ent te m p e ra tu r e  ranged from 1 3 .2 °  to  18° C. Samples were 
c h a r a c t e r i z e d  by a low p e r c e n ta g e  o f  s i l t - c l a y  (minimum 1.6%, maximum 
16 .0% ). H igher s i l t - c l a y  c o n t e n t  was p r e s e n t  in  th e  s t a t i o n s  o f  s t r a t a  
OC, o f f  V i r g i n i a  B each , IB , Chesapeake Bay C h an n e l ,  and ID, Thimble 
Shoal C h an n e l .
Sands were m o s t ly  f i n e  and v e ry  f i n e  ( sensu  W entworth, 1 922 ) .  The 
s t a t i o n s  o f  th e  n o r t h e r n  p a r t  o f  th e  s tu d y  a r e a  e x h i b i t e d  a h ig h  
p e r c e n ta g e  o f  f i n e  s a n d s ,  w h i le  many o f  th e  s t a t i o n s  lo c a te d  in  th e  
s o u th e r n  p a r t  were c h a r a c t e r i z e d  by v e ry  f i n e  s a n d s ,  in  p a r t i c u l a r  
s t a t i o n s  o f  s t r a t u m  OC. A few deep and s h a l lo w  s t a t i o n s  c o n ta in e d  h ig h  
p e r c e n ta g e  o f  medium s a n d s .  A lthough  th e  s o r t i n g  c o e f f i c i e n t  o f  Folk 
(1980) was n o t  c a l c u l a t e d ,  th e  s ta n d a rd  d e v i a t i o n  p ro v id ed  a r e l a t i v e  
m easure  o f  th e  s o r t i n g  f o r  th e  sand f r a c t i o n  a t  each  o f  th e  s t a t i o n s .  
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p e r c e n ta g e  c u rv e  e x h i b i t e d  a b im odal d i s t r i b u t i o n ;  t h e s e  s t a t i o n s  a r e  
marked w i th  an a s t e r i s k  in  t a b l e  1 .
Many sam ples c o n ta in e d  d e t r i t u s  an d ,  in  some o c c a s i o n s ,  mucous 
tu b e s  o f  anemones and p o l y c h a e t e s ,  t a r  and l a r g e  p i e c e s  o f  s h e l l .  O ther 
sam ples  were c l e a n  and c o n ta in e d  o n ly  s m a l l  s h e l l  f r a g m e n ts .  Samples 
w i th  abundan t d e t r i t u s  w ere c o n f in e d  to  th e  s t a t i o n s  o f  s t r a t a  OC, MC, 
and ID w i th  th e  e x c e p t io n  o f  s t a t i o n s  HC4 and MC8. C lean  sam ples  were 
c h a r a c t e r i s t i c  o f  s t a t i o n s  o f  s t r a t a  OA, MA, MB and IA w i th  th e  
e x c e p t io n  o f  s t a t i o n s  IA4 an d ,  to  a l e s s e r  d e g r e e ,  IA6 and MB6.
S t a t i o n s  o f  s t r a t a  IC and OB had c l e a n  sed im en ts  w i th  e x c e p t io n  o f  IC2, 
IC 4 , IC 6, 0B7 and 0B8 w hich c o n ta in e d  d e t r i t u s .
The p r e s e n c e  o f  f i n e  g ra in e d  sed im en ts  and d e t r i t u s  in  most o f  th e  
s t a t i o n s  lo c a te d  in  th e  s o u th e r n  p a r t  o f  th e  bay e n t r a n c e  r e f l e c t s  th e  
t i d a l  c i r c u l a t i o n  p a t t e r n s  in  th e  a r e a .  F in e  g r a i n  sed im en t and o rg a n ic  
m a t e r i a l  a r e  p ro b a b ly  t r a n s p o r t e d  by ebb c u r r e n t s  a t  th e  s u r f a c e  and 
d e p o s i t e d  as th e  w a te r  le a v e s  th e  bay around Cape Henry.
P e r c e n t  t o t a l  o rg a n ic  ca rb o n  (TOC) was measured from sed im en t 
sam ples  o f  a few s e l e c t e d  s t a t i o n s  ( t a b l e  2 ) .  P e r c e n t  TOC a t  th e s e  
s t a t i o n s  was low (< 0 .2 6 )  as ex p ec ted  from an a r e a  where sed im en ts  a re  
m o s t ly  sands  w i th  low p e r c e n ta g e  o f  s i l t - c l a y .
T able  2 . P e r c e n t  T o ta l  O rganic 
Carbon c o n t e n t  o f  
s e l e c t e d  s t a t i o n s .
S t a t i o n % TOC
0A1 0 .0 6 8
0C8 0 .262
MB 2 0 .039
ID3 0.107
40
B i o l o g i c a l  R e s u l t s
The s e v e n ty -o n e  s t a t i o n s  sampled in  th e  s tu d y  a r e a  y ie ld e d  a t o t a l  
o f  20 ,492  i n d i v i d u a l s  encom passing  158 s p e c i e s .  A l l  th e  t a x a  i d e n t i f i e d  
a r e  l i s t e d  in  Appendix I .  A lthough  most o f  th e  t a x a  were i d e n t i f i e d  to  
th e  s p e c ie s  l e v e l ,  i t  was n o t  p o s s i b l e  to  i d e n t i f y  some o f  them beyond 
th e  g e n e r i c  l e v e l .  S ix te e n  g e n e ra  a r e  p r e s e n t  i n  A ppendix I .  In  
a d d i t i o n ,  i n d i v i d u a l s  o f  th e  g roups  H e x a c o r a l l i a ,  R hynehocoe la ,  
O l ig o c h a e ta  and O s t r a c o d a ,  were n o t  i d e n t i f i e d  t o  th e  s p e c ie s  l e v e l .
The taxonomy f o r  th e  s e a  anemones ( H e x a c o r a l l i a )  in  th e  E a s te rn  U nited  
S t a t e s  i s  p o o r ly  u n d e r s to o d ,  and th e  a v a i l a b l e  taxonomic key s  f o r  
n em ertean s  (R hynchocoe la)  a r e  d e s ig n e d  to  be  used  w i th  l i v e  a n im a ls .  
A ppendix I I  c o n t a in s  a r e f e r e n c e  l i s t  o f  a l l  th e  taxonomic keys used in  
th e  p r e s e n t  s tu d y .
F o ly c h a e te s  were th e  most numerous o f  a l l  th e  o rgan ism s c o l l e c t e d ,  
a c c o u n t in g  f o r  46% (80) o f  th e  t o t a l  number o f  s p e c i e s .  M olluscs  were 
r e p r e s e n t e d  by 33 s p e c i e s  (19%) and c r u s t a c e a n s  by 43 s p e c ie s  (24 .7% ). 
O ther  g roups  c o n s t i t u t e d  th e  rem a in in g  10.3% o f  th e  s p e c i e s .
A l i s t  o f  th e  most abundan t s p e c ie s  i s  c o n ta in e d  in  t a b l e  3*
J u v e n i l e s  o f  th e  s p e c ie s  marked w i th  an a s t e r i s k  were c o l l e c t e d  in
r e l a t i v e l y  h ig h  num bers . The c a p i t e l l i d  p o ly c h a e te s  A m astigos c a p e r a tu s
a n d  M e d i o m a s t u s  a m b i s e t a  w e r e  t h e  m o s t  a b u n d a n t  m a c r o b e n t h i c  o r g a n i s m s
2w i th  a v e ra g e  d e n s i t i e s  o f  599 and 489 in d i v i d u a l s  p e r  m , r e s p e c t i v e l y .  
A m astigos e a p e r a tu s  was p r e s e n t  w i th  h ig h  d e n s i t i e s  in  many s t a t i o n s
T ab le  3 .  T w e n ty - f iv e  d e n s i t y  dom inan ts  in  th e
s tu d y  a rea *  Taxon c o d e :  A- Amphipod,
B- B iv a lv e ,  G- G as tro p o d ,  P -  P o ly c h a e te .  
S p ec ie s  w i th  an a s t e r i s k  c o n s i s t e d  o f  many 
j u v e n i l e s .
S p ec ie s
T o ta l
Abundance
A m astigos c a n e r a tu s  (P) 4 ,7 3 8
Mgdipmastus. ( ? ) 4 ,387
T s l l i n a  a g i l i a  ( b ) 1,162 *
Spiophanes bombyx (P) 1 ,069  *
? r io p f f s p ia  pygmasa (P) 768
I h a r y x  s .e .tigsxa (? ) 752
P r o t o h a u s t o r i u s  w ig le y i  (A) 710 *
Rhynehocoela 528
G ly ce ra  d i b r a n c h i a t a  (P) 454 *
O lig o c h a e ta 248
Rhepoxynius ep is to m u s  (A) 246
E n s is  d i r e c t u s  (B) 237
M icrophthalm us s c z e l k o w i i  (P) 227
Nephtys p i c t a  (P) 222
A c te o c in a  c a n a l i c u l a t a  (G) 214
P o ly g o rd iu s  s p .  (P) 184
A r ic id e a  w a s a i  (P) 173
MageIona f i l i f o r m i s  (P) 169
Corophiura tu b e rc u la tu m  (A) 153
S vnche l id ium  americanum (A) 138
T u r b o n i l l a  i n t e r r u p t a  (G) 137
C v l i c h n e l l a  f c id e n ta ta  (G) 134
A nthozoa 126
Nephtys b u c e ra  (P) 117
L is  t r i e 1 1 a  b a r n a r d i  (A) 114
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th ro u g h o u t  t h e  s tu d y  a r e a ,  w h i le  Mediomastus a m b ise ta  was r e s t r i c t e d  to  
s t a t i o n s  o f  t h e  s o u th e r n  p a r t  o f  th e  bay e n t r a n c e  w i th  th e  e x c e p t io n  o f  
s t a t i o n  IA4. P a r t i c u l a r l y  h ig h  d e n s i t i e s  o f  Mediomastus a m b is e ta  were 
re c o rd e d  f o r  many s t a t i o n s  o f  s t r a t a  OC, MC and ID.
The t e l l i n i d  b i v a l v e  T e l l i n a  a g i l i s  and th e  s p io n id  p o ly c h a e te s  
Spiophanes  bombyx and P r io n o s p io  pygmaea were d i s t r i b u t e d  th ro u g h o u t  
most o f  th e  s tu d y  a r e a .  They reached  maximum d e n s i t i e s  a t  th e  s o u th e rn  
p a r t  o f  th e  bay  e n t r a n c e ,  in  s t r a t a  OC, MC and ID. L ik e w ise ,  th e  
c i r r a t u l i d  p o ly c h a e te  Tharyx s e t i g e r a  was s p e c i a l l y  abundan t in  th e  
s o u th e rn  p a r t .  R e l a t i v e l y  h ig h  d e n s i t i e s  o f  th e  h a u s t o r i i d  amphipod 
P r o t o h a u s t o r i u s  w ig l e v i  w ere p r e s e n t  in  many s t a t i o n s  o f  th e  n o r t h e r n  
p a r t  o f  th e  bay e n t r a n c e ,  p a r t i c u l a r l y  in  th e  s t r a t a  OA and MA. None o r  
v e ry  few i n d i v i d u a l s  o f  t h i s  s p e c ie s  were c o l l e c t e d  in  th e  s o u th e rn  
p a r t ,  s t r a t a  OB, OC, MC, ID and IB . O ther l e s s  abundan t s p e c ie s  showed 
s i m i l a r  t r e n d s  in  d i s t r i b u t i o n  betw een th e  n o r th e r n  p a r t  and th e  
s o u th e r n  p a r t  o f  th e  e n t r a n c e .
C l a s s i f i c a t i o n  an d  O r d i n a t i o n  A n a ly s e s
S even ty -one  s t a t i o n s  and 92 (54.1%) o f  th e  o r i g i n a l  s p e c ie s  and 
g e n e ra  l i s t  were used in  th e  C l a s s i f i c a t i o n  a n a l y s i s .  The h ig h e r  t a x a  
A n thozoa , E hynchocoe la ,  O l ig o c h a e ta ,  O s traco d a  and E c h iu ra  were a l s o  
i n c l u d e d .
R e s u l t s  from th e  c l a s s i f i c a t i o n  o f  s t a t i o n s  a r e  p r e s e n te d  in  f i g u r e
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6 .  S t a t i o n  IC4 was r e a l l o c a t e d  based  on h ig h e r  re sem blance  t o  s t a t i o n s  
0C4 and 0C9 when th e  i n t e r - e n t i t y  re sem b lan ce  m a t r ix  was v i s u a l l y  
i n s p e c t e d .  T hree  m a jo r  c l u s t e r s  were i d e n t i f i e d .  These g roups  a r e  
l a b e l l e d  1 to  3 in  f i g u r e  6 .  The s t a t i o n s  o f  each  o f  th e  t h r e e  g roups  
were coded w i th  d i f f e r e n t  symbols in  f i g u r e  7 f o r  a b e t t e r  v i s u a l i z a t i o n  
o f  th e  group s e p a r a t i o n  p a t t e r n s .  Three  g roups  were c o n s id e r e d  b eca u se  
th e y  showed a b i o l o g i c a l  meaning in  te rm s o f  t h e i r  s p e c ie s  d i s t r i b u t i o n s  
and ab u n d an c es .  When an a t te m p t  was made to  look a t  more and s m a l l e r  
c l u s t e r s  o f  s t a t i o n s ,  no c l e a r  s p a t i a l  p a t t e r n s  were r e v e a l e d .
Group 1 was com prised  o f  s t a t i o n s  lo c a te d  in  th e  n o r th e r n  p a r t  o f  
th e  e n t r a n c e  w i th  th e  e x c e p t io n  o f  s t a t i o n s  0A5, MC4 and MC8. B a s i c a l l y ,  
t h i s  a r e a  c o n t a in s  s h o a ls  w i th  dynamic s e d im e n ts .  Group 3 was com prised  
o f  s t a t i o n s  from th e  s o u th e r n  p a r t  o f  th e  e n t r a n c e  p lu s  s t a t i o n s  1A4 and 
IB5. T his  a r e a  r e p r e s e n t s  a d e p o s i t i o n a l , l e s s  dynamic e n v iro n m en t .  
Group 2 was more s p a t i a l l y  d i s p e r s e d ,  b u t  w i th  many s t a t i o n s  lo c a te d  in  
th e  s h a l lo w  s t r a t a  1A and IC .
R e s u l t s  o f  th e  in v e r s e  c l a s s i f i c a t i o n  a r e  p r e s e n te d  in  f i g u r e  8 . 
T h i r t e e n  c l u s t e r s  o f  s p e c ie s  were r e c o g n iz e d .  Group 1 was c o n s t i t u t e d  
by s p e c ie s  o f  f i n e  to  medium s a n d s .  Groups 2 and 3 c o n ta in e d  s p e c ie s  o f  
f i n e r  s a n d s ;  th e y  in c lu d e d  two abundan t s p e c i e s :  P r o t o h a u s t o r i u s  w ig le y i  
and Nephtys b u c e r a . These t h r e e  g roups  o f  s p e c ie s  were c o l l e c t e d  in  th e  
most dynamic a r e a s .  Groups 4 and 5 c o n ta in e d  v e ry  low abundant s p e c i e s ,  
d i s t r i b u t e d  in  f i n e  and v e ry  f i n e  s a n d s .  Group 6 in c lu d e d  e p i f a u n a  and 
s p e c i e s  i n h a b i t i n g  bo ttom s w i th  l a r g e  s h e l l  f r a g m e n ts ,  ex ce p t  
M icroph thalm us s c z e l k o w i i . an i n t e r s t i t i a l  s p e c i e s .  Group 7 c o n ta in e d
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low abundan t s p e c ie s  o f  v e ry  f i n e  s a n d s .  Group 8 was c o n s t i t u t e d  o f  
s p e c i e s  m a in ly  r e s t r i c t e d  to  sed im en ts  o f  h ig h e r  s i l t - c l a y  c o n t e n t .  
Groups 9 and 10 a l s o  c o n ta in e d  s p e c ie s  m o s t ly  o f  v e ry  f i n e  sands  and 
some s i l t - c l a y .  Group 11 in c lu d e d  th e  dom inant s p e c i e s ;  some o f  them 
(Rby&ghPg-QfiliU Spi-pphapeg bombyx. T e l l i n a  ag i l i s  and A m astigos 
c a p e r a t u s ) were c o l l e c t e d  th ro u g h o u t  th e  bay  e n t r a n c e .  Group 12 was 
c o n s t i t u t e d  by subdom inant s p e c i e s ,  most o f  them e u r y t o p i c .  Group 13 
in c lu d e d  s p e c ie s  o f  v a r i a b l e  d i s t r i b u t i o n  betw een m o d e ra te ly  m obile  
sed im en ts  and s t a b l e ,  more d e p o s i t i o n a l  a r e a s .
O rd in a t io n  a n a l y s i s  p ro v id e d  a c l e a r e r  v iew  o f  th e  s t a t i o n  group 
s e p a r a t i o n  and th e  s p e c i e s  r e s p o n s i b l e  f o r  such  s e p a r a t i o n .  S even ty -one  
s t a t i o n s  and 74 (43.5%) o f  th e  o r i g i n a l  s p e c ie s  and g e n e ra  l i s t  were 
in c lu d e d  in  th e  a n a l y s i s .  R e s u l t s  a r e  p r e s e n te d  in  f i g u r e s  9 and 10.
The f i r s t  a x i s  acco u n ted  f o r  17.9% o f  th e  t o t a l  v a r i a n c e  o f  th e  
o r d i n a t i o n  p o i n t s ,  and th e  second a x i s  accoun ted  f o r  7.8%. The f i r s t  
t h r e e  axes accoun ted  f o r  31.8% o f  th e  t o t a l  v a r i a n c e .  This  v a lu e  i s  
s m a l l e r  th a n  th e  ran g e  40-90% o f  th e  t o t a l  v a r i a n c e  in  many community 
s t u d i e s ,  a l th o u g h  th e  e c o l o g i c a l  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  i s  more 
im p o r ta n t  th a n  th e  p e r c e n ta g e  o f  v a r i a n c e  accoun ted  f o r  (G auch, 1982) .
In  g e n e r a l ,  p e r i p h e r a l  p o i n t s  t o  th e  a r c h  ( f i g u r e  10) i n d i c a te d  
s p e c ie s  o f .n a r ro w  d i s t r i b u t i o n s ,  r e s t r i c t e d  to  a p a r t i c u l a r  h a b i t a t ,  and 
p o i n t s  i n t e r i o r  to  th e  a r c h  were s p e c ie s  w i th  b road  d i s t r i b u t i o n s .  This  
i s  a p r o p e r ty  o f  r e c i p r o c a l  a v e ra g in g  a s s o c i a t e d  to  th e  a r c h  d i s t o r t i o n  
o f  th e  second a x i s .
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Group 1 s t a t i o n s  were v e ry  d i s t i n c t  in  th e  o r d i n a t i o n  s p a c e .
S p ec ie s  a lm o s t  r e s t r i c t e d  to  th e s e  s t a t i o n s  were th e  s p io n id  p o ly c h a e te  
D js p jg  u n c i n a t a . j u v e n i l e s  o f  th e  m a c tr id  b iv a lv e  S p is u la  s o l i d i s s i m a . 
th e  h a u s t o r i i d  amphipods A c a n th o h a u s to r iu s  in te rm e d iu s  and B a th y n o re ia  
p a r K g r i i  and th e  e c h in o id  H e l l i t a  q u i n q u i e s p e r f o r a t a . The p o ly c h a e te  
Nephtys b u c e ra  and th e  h a u s t o r i i d  amphipod P r o to h a u s to r i u s  w ig le y i  
reach ed  maxiuiun d e n s i t i e s  in  th e  s t a t i o n s  o f  Group 1 . S p ec ies  e q u a l ly  
p r e s e n t  in  b o th  Groups 1 and 2 were th e  p o ly c h a e te  MageIona 
p a p i l l i c o r n i s  and th e  cumaceans Cam pvlaspis  ru b ic u n d a  and Mancocuma 
s t e l l i f e r a .
Two s p e c ie s  were c h a r a c t e r i s t i c  o f  Group 2 ,  r e a c h in g  maximum 
d e n s i t i e s  in  th e s e  s t a t i o n s :  th e  p a ra o n id  p o ly c h a e te  A r ic id e a  w a ss i  and 
th e  amphipod Sy n c h e l id iu m  am ericanum . The g a s tro p o d  E piton ium  
m u l t i s t r i a t u m  was l e s s  abundan t b u t  a l s o  c h a r a c t e r i s t i c  o f  Group 2 
s t a t i o n s .  Two o th e r  r e l a t i v e l y  abundan t s p e c ie s  were w e l l  d i s t r i b u t e d  
in  Groups 2 and 3 ;  th e s e  were th e  o p is th o b ra n c h  g a s tro p o d  C v l i c h n e l l a  
b i d e n t a t a  and th e  amphipod Rhepoxynius e p i s to m u s .
Group 3 s t a t i o n s  in c lu d e d  many c h a r a c t e r i s t i c  s p e c ie s  ( i . e . . ,  
r e s t r i c t e d  o r  r e a c h in g  maximum d e n s i t i e s  in  t h i s  g r o u p ) .  S pec ies  
p r e s e n t  in  low d e n s i t i e s  b u t  r e s t r i c t e d  to  Group 3 were s i t u a t e d  on th e  
l e f t  end o f  th e  o r d i n a t i o n  sp ace  com prised  by th e  f i r s t  two a x e s .  These 
s p e c ie s  a r e  th e  p o ly c h a e te s  G lycinde  s o l i t a r i a . HeteromastUS l i l i f & m ig L ,  
Bhftwania g o o d e i  and Euclymene z o n a l i s : th e  b iv a lv e s  M u lin ia  
and Nucula p ro x im a : th e  amphipod A m pelisca  y g . rx i . l l i ;  th e  p o ly c la d  id 
t u r b e l l a r i a n  S tv lo c h u s  s p .  and th e  ph o ro n id  P h o ro n is  s p . The s i x  top
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most abundan t s p e c ie s  (T a b le  3) reached  maximun d e n s i t i e s  in  th e  
s t a t i o n s  o f  Group 3 .
S t a t i o n s  IB1 and 0B3 may be r e a l l o c a t e d  to  Group 3 s t a t i o n s  based  
on t h e i r  p o s i t i o n  in  th e  o r d i n a t i o n  s p a c e .  These seemed more 
a p p r o p r i a t e  s i n c e  t h e i r  f a u n a l  l i s t s  were s i m i l a r  t o  o t h e r  s t a t i o n s  o f  
Group 3 .  These r e a l l o c a t i o n s  were used  in  D is c r im in a n t  A n a ly s i s .
Nodal A nalyses
E ig h t  s t a t i o n  g roups  and t h i r t e e n  s p e c ie s  g roups  were s e l e c t e d  from 
th e  c l a s s i f i c a t i o n  o f  m acroben thos as in d i c a te d  in  t a b l e  4 .  C e l l  
c o n s ta n c y ,  f i d e l i t y  and abundance m a t r i c e s  a r e  shown in  f i g u r e s  11 to  
13 .
S p ec ie s  in  Group A were h ig h ly  c o n s t a n t  in  and f a i t h f u l  to  Group I 
s t a t i o n s .  They were a l s o  c o n s t a n t  in  and f a i t h f u l  to  Group I I  s t a t i o n s ,  
b u t  they  were r a r e  e l s e w h e re .  As o v e r a l l ,  th e s e  s p e c ie s  were tw ice  as 
abundan t in  Group I  s t a t i o n s  th a n  in  Group I I ,  b u t ,  in  g e n e r a l ,  
d e n s i t i e s  were v e ry  low, o n ly  r e l a t i v e l y  h ig h e r  in  s t a t i o n s  MA5 and MA9.
S p ec ies  in  Group B were m o d e ra te ly  c o n s t a n t  in  Group I ,  I I  and V 
s t a t i o n s ,  showing f i d e l i t y  to  Group I  s t a t i o n s  and low er f i d e l i t y  to  
Groups I I  and V s t a t i o n s .
T able  4 .  S p ec ie s  g roups  and s t a t i o n s  g roups  s e l e c t e d  from n u m e ric a l  
c l a s s i f i c a t i o n  o f  m acroben thos  in  th e  s tu d y  a r e a .
S p ec ie s  Group A
A nclmia. d Sprague­
s ' i s t p m e  r i n g s  3 caeg.a 
Mal l l - t a  gu i n gnie.ap.exfor a t  a 
B n th y p o re ia  pa r k e x i . 
A canthohau s t o r i u s  iiLtfixmedin 8 
■l^gJE.g.gnaEha c_ag£La 
Sp.i8.hla s o l i d  is s im a  
Pi.S.p-ip unc i n a t a
S p e c ie s  Group B
Lgpbgsyoap-ta t e n u i s  
Mancocuma steJJ.jLfgra.
Magelona p a p i l l i c o r n i s  
C a u l l e r i e l l a  s p •
A r i c id e a  cg rrn .t l i.
S p ec ie s  Group E
C ir ro p h o ru s  ly x i f e r m ia  
S c o le le p i s  te x a n a  
Glyc e r a  am ericana  
E c h iu r id a  
S igam bra k a a a l
S p ec ie s  Group F
Cflrpph i um tu b e rc u la tu m  
C re p id uia. s p .
M icrophthalm us s c z e lk o w i i  
E x igh&iapi u g b r a s  i  l i e n s  i s  
P i opa t x a  £npxea  
Euceramus p ra e lo n g u s  
S th e n e la i s  boa
S p ec ie s  Group C
Sv n ch e l id iu m  americanum 
S c o lo p lo s  f r ag i l i a 
A r i c id e a  was a i  
P r o t o h a u s t o r i u s  H ig jg y l  
Nephtys b u c e r a
S p ec ie s  Group G
A s a b e l l id g g  o c u l a r a  
S p io c h a e to p te ru s  gculittU.S. 
Ac tCCh p u n c t o s t r i a t u s
P p ly doxa  l i g n i  
Notomastus hemipodus
Spec ie s  Group D S p ec ie s  Group H
Qg y r id e s  a Ip hae r e s  Erie. 
Meomygi fl. am eric ana.
Epi t on i um angula tum  
Hy.pgr.ia g a l k a  
Camp y l a s p i s  ru b ie u n d a  
P s e u d o h a u s to r iu s  c a r o l i n i e n s i s  
Qnup h i fi exami-La
M u l ic la  l a t - e r a ll a  
Nucula prcadma 
S c o le l e p i s  £gu,flffla£a 
U n c io la  i r r o r a t a  
Giyggpgl l a .  t o r q u a t a  
Spi-a gg t o^.a
gignmbxa t e n t a c u l a r a
T ab le  4 .  ( c o n t i n u e d ) .
S p e c ie s  Group I
S c o lo p lo s  r.pby.g.tu g. 
Pagnryg  lo n g ic a r p us 
S c o le c o le n id e s  y j t i d i s  
P h o ro n is  s p .
M angelia  c e r i n a  
Edo t ea. mpnt-ftga  
Hg.terfim.ag.tns f i l ifg r m is i  
Afflpgli-gea y e jriJ J L i 
Glyc in d e  g .Q .lit-aria  
P h v l lo d o c e  a re n a e
S p ec ie s  Group J
Ar ic  id e a  cn.t.he.rin a a  
Euclymene z o n a l i s  
Bhawania goodei 
E jg t r is l ia  ciymgpgDLae 
L a ja rilu c in n  m u lrilin e a iL a  
B ranch iostom a s p .  
S tv lo c h u s  s p .
S p ec ie s  Group K
Tharyx sejLiggxa 
M ediomastus amhisefca 
P r io n o s p io  pygronea 
G ly ce ra  d i b r a n c h i a t a  
Amagtl gps c a p e r a t u a  
Tg l l i n a  a g i l i a  
Spiophanes  frombyx 
Rhyne hoc oe l a
S p e c ie s  Group L
Os t r a c o d a
N a s s a r iu s  t r i v i t t a t u s  
P o l  in  i c e s  duplica.tUJL 
E n s is  d i r e c t u s  
T u r b o n i l l a  i n t e r r u p t s  
P r io n o s p io  c i r r i f e r a  
O l ig o c h a e ta  
P o lv g o rd iu s  s p .
S p ec ie s  Group M
P in n ix a  sayana
LiatriaULa hejpard i
M y se lla  b i d e n t a t a
Mys id  gp-si .s. b ig e lo w i  
O x y u ro s ty lis  s m i t h i  
Q a e d a  f u s i f o r m i s  
Rhepoxynius ep is to m u s  
C y llc h n e lla  hidant.at-a  
Magglona f i l i fo r m is .  
Nephtys p i c t a  
E p .itopium m u l t i s t r i a t u m  
Odostomia 
P r ilo n e re ig  magna 
A nthozoa
T ab le  4 .  ( c o n c lu d e d ) .







S t a t i o n  Group I I S t a t i o n  1
MB1 0A9 0C8 ID 6
MB 9 MA3 0C3 ID4
0A8 MA9 0C5 ID2
MA8 MA5 0B7
IA2 IA8 MC7
MAI MA7 ID 8
0A3 0A2 IC2
S t a t i o n  Group I I I S t a t i o n  <






S t a t i o n  Group IV S t a t i o n  <
0A7 IC5 0C6 0C9
MB2 IC3 0C4 0C7
MB5 IC1 0C2 IC4
MA4 0C1 IA4
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S p ec ie s  members o f  Group C were h ig h ly  c o n s t a n t  in  Groups I I ,  IV 
and V s t a t i o n s  and th e y  were m o d e ra te ly  c o n s t a n t  in  Groups I ,  I I I  and 
V I I I  s t a t i o n s *  These s p e c i e s  were more f a i t h f u l  to  Groups I ,  I I ,  IV and 
V s t a t i o n s  th a n  e l s e w h e re .  As o v e r a l l ,  and as i n d i c a t e d  in  f i g .  13 , 
t h i s  group o f  s p e c i e s  showed low abundance in  th e  s t a t i o n s  o f  Groups I I  
and V. Most o f  th e  c o n t r i b u t i o n s  came from th e  h a u s t o r i i d  amphipod 
P r o t o h a u s t o r i u s  w i g l e y i . w i th  h ig h  d e n s i t i e s  in  Group I I  s t a t i o n s .  The 
p o ly c h a e te  Ng.pfrfcy.fi b u c e r a  and th e  amphipod S ynche lid ium  americanum were 
much l e s s  abundan t b u t  f r e q u e n t  in  th e  s t a t i o n s  o f  Groups I I ,  IV and V.
S p ec ie s  in  Groups D th ro u g h  G e x h i b i t e d  low c o n s ta n c y  and 
abundance . Members o f  Group D were r e l a t i v e l y  f a i t h f u l  to  Group V 
s t a t i o n s ,  and members o f  Groups F and G, to  Group VI s t a t i o n s .  The 
s p e c i e s  o f  th e s e  g roups  were a b s e n t  o r  n e a r l y  a b s e n t  from Group I  and I I  
s t a t i o n s ,  w i th  th e  e x c e p t io n  o f  th e  h e s io n id  p o ly c h a e te  M icrophthalm us 
s c z e lk o w i i  > c o l l e c t e d  w i th  h ig h  d e n s i t y  in  s t a t i o n  MA2.
S p ec ie s  in  Groups H and I  were m o d e ra te ly  c o n s t a n t  in  Group VI and 
Group V II I  s t a t i o n s ,  r e s p e c t i v e l y .  They were m o d e ra te ly  abundan t and 
f a i t h f u l  to  s t a t i o n s  o f  Group VI and l e s s  f r e q u e n t  o r  r a r e  e ls e w h e re .  
S t a t i o n s  ID2, ID4 and ID6 c o n t r i b u t e d  w i th  th e  maximun number o f  
i n d i v i d u a l s •
S p ec ie s  members o f  Group K were h ig h ly  c o n s t a n t  in  Groups I ,  I I  and 
IV s t a t i o n s  and v e ry  h ig h l y  c o n s t a n t  in  th e  re m a in in g  g ro u p s .  Group K 
was c o n s t i t u t e d  by e u r y to p i c  s p e c i e s ,  f r e q u e n t  ev e ry w h ere ,  w i th  low 
f i d e l i t y  to  any group o f  s t a t i o n s .  Rhynchocoela and th e  c a p i t e l l i d
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F ig u re  11 . Nodal c o n s ta n c y  f o r  s t a t i o n - s p e c i e s  group c o in c id e n c e .
S i t e  and s p e c ie s  g roups  a r e  i n d i c a te d  in  t a b l e  4 .
SPECIES GROUPS
2  r~ 7S c_ i tD 'T im o  nco x>
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F ig u r e  13 . Nodal r e l a t i v e  abundance f o r  m ac ro b en th o s .  S i t e  and s p e c ie s  
g roups  a r e  i n d i c a t e d  in  t a b l e  4 .
SPECIES GROUPS 
:z r ~ 7sc_ _  n i Q - n m o  000 x>
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p o ly c h a e te  A m astigos c a p e r a t u s  w ere th e  most abundan t t a x a  in  Groups I  
and I I  s t a t i o n s .  D e n s i t i e s  in c re a s e d  in  Groups I I I  to  V s t a t i o n s  
b e c a u se  o f  th e  c o n t r i b u t i o n s  o f  th e  b iv a lv e  T e l l i n a  a g i l i s  and th e  
s p io n id  p o ly c h a e te s  Spjcphaneg bombyx and P r io n o s p io  pygmaSM-
S p ec ies  in  Group L w ere a l s o  c o n s t a n t l y  d i s t r i b u t e d  in  th e  s t a t i o n s  
o f  Groups I ,  I I I  and V to  V I I .  They e x h ib i t e d  low f i d e l i t y  and low 
abundancej r e a c h in g  maximun d e n s i t i e s  in  Group VI s t a t i o n s ,  in  
p a r t i c u l a r  s t a t i o n s  ID2, ID4 and ID6. The m a jo r  c o n t r i b u t o r s  to  
s t a t i o n s  o f  Groups I  and I I I  w ere o l ig o c h a e t e s  and th e  a r c h i a n n e l i d  
p o ly c h a e te  P o ly g o rd iu s  s p .
Group M s p e c ie s  were c o n s t a n t  in  and f a i t h f u l  to  Groups I I I  and 
V I I I  s t a t i o n s ,  a l th o u g h ,  as o v e r a l l ,  f i d e l i t y  was low. Abundance was 
v e ry  low, o n ly  h ig h e r  in  Group V I I I  s t a t i o n s .  The amphipod Rhepoxvnius 
e p i s to m u s . th e  p o ly c h a e te  Nephtys p i c t a  and th e  o p is to b r a n c h  g a s tro p o d  
A c te o c in a  c a n a l i c u l a t a  were th e  most abundant among th e  members o f  Group 
M.
D i s c r i m i n a n t  A n a ly s i s
M u l t ip le  d i s c r i m i n a n t  a n a l y s i s  was used  to  d e te rm in e  which 
e n v i ro n m e n ta l  f a c t o r s  m igh t a c c o u n t  f o r  th e  observed  among-groups 
d i f f e r e n c e s  in  s p e c ie s  d i s t r i b u t i o n  and abundance r e s p o n s ib l e  f p r  th e  
s t a t i o n  group s e p a r a t i o n .  The a b i o t i c  f a c t o r s  used  in  th e  a n a l y s i s  
were: d e p th  o f  w a te r ,  p e r c e n t  s i l t - c l a y ,  p e r c e n t  medium, f i n e  and v e ry
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f i n e  s a n d .  A f t e r  r e a l l o c a t i o n  o f  m i s c l a s s i f  i c a t i o n s ,, th e  a b i o t i c  v a lu e s  
f o r  each  s t a t i o n  ( t a b l e  1) were a s s ig n e d  to  one o f  th e  t h r e e  g roups 
r e s u l t i n g  from n u m e r ic a l  c l a s s i f i c a t i o n  ( f i g u r e  6 ) .
The f i r s t  d i s c r i m i n a n t  f u n c t i o n  accoun ted  f o r  96.7% o f  th e  among-
group v a r i a n c e ,  and th e  second d i s c r i m i n a n t  f u n c t i o n  accounted  f o r  th e
rem a in in g  3.3%. The c h i - s q u a r e d  t e s t  o f  s i g n i f i c a n c e  f o r  th e  f i r s t
2f u n c t i o n  was h ig h ly  s i g n i f i c a n t  (X -  8 2 .1 3 ,  10 d . f . ) .  T ab le  5 c o n t a in s  
th e  s t a n d a r d i z e d  c a n o n i c a l  c o e f f i c i e n t s  f o r  each  d i s c r i m i n a n t  f u n c t i o n ,  
and t a b l e  6 c o n t a i n s  th e  poo led  w i th in -g ro u p s  c o r r e l a t i o n s  betw een th e  
d i s c r i m i n a t i n g  v a r i a b l e s  and th e  d i s c r i m i n a n t  f u n c t i o n s .  These 
c o r r e l a t i o n s  were used  to  p l o t  th e  v e c t o r s  i n d i c a t i n g  th e  o r i e n t a t i o n  o f  
t h e  e n v i ro n m e n ta l  f a c t o r s  more s t r o n g l y  r e l a t e d  t o  th e  s t a t i o n  group 
s e p a r a t i o n .  F ig u re  14 shows th e  r e l a t i v e  o r i e n t a t i o n  o f  th e  t h r e e  
g roups  o f  s t a t i o n s  in  th e  d i s c r i m i n a n t  s p a c e .
D is c r im in a n t  f u n c t i o n  I  was r e l a t e d  to  f i n e  and v e ry  f i n e  sands in  
th e  s e d im e n ts .  S t a t i o n s  in  Groups 1 and 2 were a s s o c i a t e d  w ith  
in c r e a s in g  p e r c e n t  f i n e  s a n d ,  and s t a t i o n s  in  Group 3 were a s s o c i a t e d  
w i th  i n c r e a s in g  p e r c e n t  v e ry  f i n e  s a n d .  N in e t y - s i x  p o i n t  e i g h t  p e r  c e n t  
o f  th e  s t a t i o n s  o f  Group 3 were c o r r e c t l y  c l a s s i f i e d  in  th e  p r e d i c t e d  
g ro u p .  There was o v e r la p  be tw een  Groups 1 and 2 ,  w i th  78.9% (15 o u t  o f  
19) and 66.7% (14 o u t  o f  21) o f  th e  s t a t i o n s  c l a s s i f i e d  in  th e  p r e d i c t e d  
g ro u p ,  r e s p e c t i v e l y .
T able  3* S ta n d a rd iz e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  
f o r  each  p a ra m e te r  u t i l i z e d  in  th e  d i s c r i m i n a n t  
a n a l y s i s •
DISCRIMINANT DISCRIMINANT 
PARAMETERS FUNCTION I  FUNCTION I I
D epth 0 .41200  -0 .36696
S i l t - C l a y  -0 .0 7 0 9 9  -0 .5 7 9 8 4
Medium Sand 2 .00080 1.81802
F in e  Sand 0 .69692 1.36433
Very F in e  Sand 2 .34404  2.08183
T able  6 .  P oo led  w i th i n  g roups c o r r e l a t i o n s  betw een th e  
d i s c r i m i n a t i n g  v a r i a b l e s  and th e  d i s c r i m i n a n t  
f u n c t i o n s .  The m agnitude  o f  th e  c o r r e l a t i o n  






F in e  Sand 















F ig u re  14 . O r i e n t a t i o n  o f  s t a t i o n  g roups  in  d i s c r i m i n a n t  s p a c e .
V ec to rs  i n d i c a t e  th e  r e l a t i v e  o r i e n t a t i o n  o f  th e  
e n v i ro n m e n ta l  v a r i a b l e s .  Group c e n t r o i d s  a r e  in d i c a te d  















S p ec ie s  R ichness and Evenness
Mean s p e c ie s  r i c h n e s s  and evenness  f o r  each  s t r a t a  and some 
d i s t i n c t  s t a t i o n s  i s  p r e s e n te d  in  t a b l e  7 .  The i n d i c a te d  v a lu e s  f o r  
s p e c i e s  r i c h n e s s  a r e  c o n s e r v a t i v e  s i n c e  h ig h e r  ta x a  l i k e  H e x a c o r a l l i a ,  
Rhynchocoela and O l ig o c h a e ta  w ere n o t  in c lu d e d .  In  g e n e r a l ,  r i c h n e s s  
was h ig h e r  in  th e  s t a t i o n s  o f  t h e  s o u th e rn  p a r t  th a n  in  th e  s t a t i o n s  o f  
t h e  n o r th e r n  p a r t  o f  th e  e n t r a n c e .  Evenness showed w i th i n  h a b i t a t  
v a r i a t i o n s  w hich were i n d i c a t i v e  o f  th e  n u m e r ic a l  dominance o f  a few 
s p e c ie s  •
S t r a t a  IA and IC e x h i b i t e d  r e l a t i v e l y  h ig h  s p e c ie s  r i c h n e s s  and 
m o d e ra te ly  h ig h  evenness  (T a b le  7 ) .  The mean evenness  o f  s t r a t u m  IC was 
h ig h e r  (0 .8 3 )  when e x c lu d in g  s t a t i o n s  IC2, IC4 and IC6, which had a  low 
evenness  v a l u e .  S t a t i o n s  IC2 and IC6 were dom inated  by th e  c a p i t e l l i d  
p o ly c h a e te s  Mediomastus a m b is e ta  and A m astigos c a p e r a tu s  f and s t a t i o n  
IC4 was dom inated  by th e  p o ly c h a e te s  Tharyx ge.ti.ggra and Spiophanes 
b o m b v x . These t h r e e  s t a t i o n s  were grouped s e p a r a t e l y  from th e  o t h e r  
s t a t i o n s  o f  th e  s t r a t u m  in  n u m e r ic a l  c l a s s i f i c a t i o n  ( f i g u r e  6 ) .
S t r a t a  MA, MB and OA had th e  lo w e s t  r i c h n e s s  in  th e  s tu d y  a r e a  and
m o d e ra te ly  h ig h  e v e n n e s s .  S t a t i o n  MA2 was an e x c e p t io n ,  e x h i b i t i n g  low
evenness  ( 0 . 3 7 ) .  T h is  i s  b e c a u se  o f  th e  dominance o f  two p o ly c h a e te s
t h a t  reached  h ig h  d e n s i t i e s  in  t h i s  s t a t i o n :  A m astigos c a p e r a tu s  and th e
h e s io n id  M icrophthalm us s c z e l k o w i i . The l a t e r ,  an a c t i v e ,  i n t e r s t i t i a l
2s p e c i e s ,  was abundan t o n ly  a t  t h i s  s t a t i o n  (2 ,1 2 0  in d i v . / m  ) ,  w hich was
T able  7 .  M a r g a le f 's  s p e c ie s  r i c h n e s s  and P i e l o u ' s  evenness  
f o r  eac h  s t r a t u m  and some d i s t i n c t  s t a t i o n s .  
V alues  a r e  means ex c e p t  f o r  i n d i v i d u a l  s t a t i o n s .
STRATA STATIONS SR J '
IA 5.21 0 .6 9
IB1 4 .6 4 0 .7 8
IB5 3 .01 0 .3 8
IB 8 3 .01 0 .6 3
IB9 5 .2 8 0 .8 7
IC 4 .9 6 0 .7 4
ID 5 .63 0 .5 6
MA 3 .4 8 0 .6 6
MB 3.97 0 .7 7
MC 5 .0 9 0 .6 5
MCI 3 .8 5 0 .4 0
MC9 3.77 0 .5 2
OA 4 .0 8 0 .6 2
0 A 2 ,4 ,8 ,9 2 .67 0 .4 5
0A1, 3 , 5 , 6 , 7 5 .22 0 .7 4
OB 5.66 0 .77
OC 5.01 0 .6 4
0 0 1 ,7 ,8 ,9 0 .7 9
OC2,3, 4 , 5 , 6 0 .5 2
75
c h a r a c t e r i z e d  by p o o r ly  s o r t e d  s a n d s .  S tra tu m  OA encompassed two g roups 
o f  s t a t i o n s  in  te rm s o f  s p e c i e s  r i c h n e s s  and evenness  (T ab le  7 ) .
S t a t i o n s  o f  s t r a t a  OB, OC and MC e x h i b i t e d ,  as  an a v e ra g e ,  h ig h  
r i c h n e s s  and m o d e ra te ly  h ig h  e v e n n e s s ,  b u t  some s t a t i o n s  were dom inated  
by a few s p e c ie s  and had low er evenness  v a l u e s .  S t a t i o n s  o f  s t r a t u m  ID 
had h i g h e s t  r i c h n e s s  and r e l a t i v e l y  low e v e n n e ss .
T est o f  H ypothesis
R e s u l t s  from th e  c l a s s i f i c a t i o n  a n a l y s i s  showed v a r i a b i l i t y  betw een 
s t r a t a  abundance and d i s t r i b u t i o n  o f  s p e c ie s  by form ing some c l u s t e r s  o f  
s t a t i o n s  b e lo n g in g  to  d i f f e r e n t  s t r a t a .  T h e r e f o r e ,  i t  was c o n s id e re d  
m e a n in g le ss  t o  t e s t  th e  h y p o th e s i s  (i..£ ..»  t h a t  com m unities  in  th e  s tu d y  
a r e a  a r e  s i m i l a r  w i th  r e g a rd  t o  w a te r  d e p th  and sed im en t ty p e )  among 
s t r a t a .  I n s t e a d ,  th e  h y p o th e s i s  o f  community s i m i l a r i t y  was t e s t e d  among 
th e  g roups  o f  s t a t i o n s  d e f in e d  in  n u m e r ic a l  c l a s s i f i c a t i o n .
Pooled  abundances o f  e v e ry  s p e c i e s  f o r  each  o f  th e  t h r e e  g roups  
w ere com puted . The most r e p r e s e n t a t i v e  s p e c i e s  ( i . £ . , abundan t and 
c h a r a c t e r i s t i c  s p e c i e s  o f  any g roup) were used  in  th e  h y p o th e s i s  
t e s t i n g .  S p ec ie s  t h a t  e x h i b i t e d  h ig h  d i f f e r e n c e s  in  abundance among 
g ro u p s ,  i n d i c a t i n g  a c l e a r  p r e f e r e n c e  f o r  a p a r t i c u l a r  h a b i t a t » were n o t  
in c lu d e d  in  th e  t e s t  ( f o r  exam ple: Mediomastus a m b is e ta .  Amp&ljgca 
v e r r i l l i . Corophium tu b e r c u la t u m . A c a n th o h a u s to r iu s  i n t e r m e d i u s . 
B a th v p o re ia  p a r k e r i  and P r o to h a u s t o r i u s  yj-S.le.yj-,) . Fo r th e  rem a in in g  
s p e c i e s ,  a K r u s t a l - W a l l i s  t e s t  was used  to  t e s t  w h e th e r  th e  t h r e e  groups
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were from th e  same p o p u la t io n *  F o r  s p e c ie s  o f  s i m i l a r  abundance betw een 
Groups 2 and 3 s t a t i o n s ,  a Mann-Whitney U t e s t  was u s e d .
2
T ab le  8 c o n t a in s  s p e c i e s  abundances p e r  m in  eac h  group and th e  
r e s u l t s  o f  th e  t e s t s *  S p e c ie s  marked w i th  an a s t e r i s k  were 
s i g n i f i c a n t l y  d i f f e r e n t  ( = 0 . 0 5 )  among g ro u p s .  Most s p e c i e s  showed 
s i g n i f i c a n t  d i f f e r e n c e s .  C o n s id e r in g  th e s e  r e s u l t s  and th o s e  o f  
n u m e r ic a l  c l a s s i f i c a t i o n ,  o r d i n a t i o n  and d i s c r i m i n a n t  a n a l y s i s ,  th e  
h y p o th e s i s  was r e j e c t e d .  The s tu d y  a r e a  showed d i f f e r e n c e s  in  community 
c o m p o s i t io n  and abundance .
T ab le  8 .  A verage s p e c i e s  abundance p e r  m f o r  ea^h  o f  th e  t h r e e  g roups
d e f in e d  in  n u m e r ic a l  c l a s s i f i c a t i o n .  X -  C h i- s q u a re  a s s o c i a t e d  
w i th  th e  K r u s t a l - W a l l i s  t e s t  betw een th e  t h r e e  groups* c o r r e c t e d  
f o r  t i e s .  Z -  S tan d a rd  norm al d e v i a t e  c o r r e c t e d  f o r  t i e s  
a s s o c i a t e d  w i th  th e  Mann-Whitney U t e s t  betw een g roups  2 and 3 .  
Fo r th e  s p e c ie s  t e s t e d ,  an a s t e r i s k  i n d i c a t e s  s i g n i f i c a n t  








A nthozoa 0.5 23.2 24.7 -1.11 NS
Stylfichus. s p . 0 0 6.0
Rynchocoela 46.8 65.0 98.7
Polyg£>xdiv.s s p . 40.5 10.0 28.3 0.87 NS
S th ep sla ia  kpa 0 0.9 2.7
Bhawania g o o d e i 0 0 6.3
P.hyiJ-0d£££ 1.6 1.8 10.0 12.10 *
Mic.roph.tha.lmu8 s c z e l k o w i i 112.1 1.8 3.3
Sigam bra t e n t a c u l a t a 0 0.5 2.3
Sigam bra b a s s i 0.5 1.8 1.7
Nephtys b u c e r a 43.2 13.2 2.0 35.40 -3.71
Nephtys. picJ^a 8.4 53.2 29.7 24.98 -2.36
G ly c e ra  am e r ic a n a 0 3.6 3.3
G ly c e ra  d i b r a n c h i a t a 8.9 29.1 124.3 38.33 *
G ive inde  s o l i t a r i a 0 0 13.3
H eterom astu s  f i l i f o r m i a 0 0 8.7
Notomastus heminodus. 0.5 1.8 2.7
M ediom astus a m b is e ta 3.7 14.1 1449.7
Amaatigoa cape.riaa.g. 330.0 356.8 1108.7 13.46 *
C lv m en e l la  t o r q u a t a 0 0 2.3
Euclvmene z o n a l i s 0 0.5 8.0
A r ic id e a  w a s a l 21.1 55.9 3.3 16.53 *
Arici4,e.a 3.7 2.7 3.3 4.69 NS
A r i c i d e a  c a th e rin aa 0.5 1.4 2.0
C ir ro p h o ru s  l v x i f o r m i a 0 6.4 0
Po y d o ra  l l g n l 0 2.3 1.7
P r io n o s p io  c i r r i f a r a 1.6 0.5 14.0
PrionQSpip pygmaaa 2.6 60.5 210.0 33.70 -3.59
S c o le c o le p id e a  v i r i d i a 0 0 2.7
S c o l e l e p i s  squam ata 0 1.4 1.7
S c o le l e p i s  t e x a n a 0 5.5 5.0
Spi.Q S£-tPsa 0 0 1.7








§p.ifi£ban&s. bpmkyx 27.4 125.0 247.3 32.13 -2.87 * 9*
P isp is  yjK inato 14.7 0.9 0
S p io c h a e to p te ru s  o c u la tu s 0 1.8 0.7
P ippA tra  cp p x aa 0 0 2.7
Onuphis e r e m i t a 1.6 7.7 0.7
D r i l o n e r e i s  magna 0 6.8 17.3 -1.62 NS
S c h is to m e r in g o s  c a e c a 4.2 5.0 0.3 4.21 NS
H agelona p a p i l l i c o r n i s 10.5 8.2 0.3 12.37 *
Mage Iona  f i l i f o r t n i s 5.3 25.0 34.7 17.32 *
Sc,p I p.p 1p § f r a s i l i s . 7.4 11.8 2.7 9.30 *
Scp.i.qp Jps. xpbusJtm 0 0.9 0.7
IhAXXX seti&exa 2.1 15.0 238.3 -5.49 *
C a u l l e r i e .U a  s o . 29.5 12.3 7.3 11.64 *
PksuL* fv sifp im s. 1.1 15.9 17.3 -1.67 NS
A s a b e l l i d e s  o c u l a t a 0 0 1.7
O lig o c h a e ta 28.9 9.1 57.7 3.34 NS
E piton ium  nu.lt  i s  t r i a t u m 2.6 31.4 3.7 -2.01 *
E piton ium  an g u la tu m 0.5 0.9 0.7
C re p id u la  s p .  ( j u v e n i l e s ) 3.2 3.6 23.7 1.82 NS
P o l  i n i c  e s d u p l i c a t u a 5.8 4.5 7.3 0.86 NS
Nas s a r i u  s t r i v i t t a t n s 0 3.6 9.0 -1.78 NS
M angelia  c e r i n a 0 0 1.3
A cteon p u n c t o s t r i a t u s 0 6.8 5.3
C v l i c h n e l l a  b i d a n t a t a 1.6 39.1 15.0 10.75 -1.42 *,NS
A c te o c in a  c a n a l i c u l a t a 1.1 31.8 47.3 18.07 -0.19 *,NS
Pd.psPsmua s p . 0 4.5 8.3
Turb .oni.lla  i n t e r r u a t a 18.4 4.5 30.7 6.24 *
Nucula p rox im a 0 0 3.3
P a r v i l u c i n a  r a u J J H l in e a ta 0 1.8 1.7
M y se lla  b i d e n t a t a 1.1 7.3 19.3 8.26 *
T e l l i n a  a g i l i s 27.4 151.8 258.7 40.46 *
E n s is  d i r e c t u a 0 27.3 59.0 -1.92 NS
S p i s u l a  s o l i d i s s i m a 9.5 0.5 0
M ylipj-a la te ra l is . 0 0 6.7
O straco d a 0 3.2 6.3
Neomysis a m e r ic a n a 1.1 2.3 0.7
Mys.idpps.is. b igg lpy i 2.1 6.8 12.0 4.96 NS
Mancocuma s t e l l i f e r a 5.3 5.9 1.0 5.07 NS








Oxynrpstills sjnifcbi 3 .2 1 0 .9 6 .7  7 .13 *
Gapipxlaspis. rub icypda. 1 .6 1 .4 0
L e p to g n a th a  c a e c a 5 .8 0 0
E d o tea  m ontosa 0 2 .7 7 .0
Ancinus. depresus. 2 .1 0 .5 0 .3
A m pelisca  v e r r i l l i 0 0 26 .3
Corophium tu b e rc u la tu m 1.1 0 .5 50 .0
E r i c h th o n iu s  b r a s i l i e n s i s 0 0 6 .3
Unciola irr.ora.ta 0 .5 0 .5 3 .0
A c a n th o h a u s to r iu s  inJ te rm ediua 3 2 .6 0 .5 3 .0
B a .thypo re ia  p a r k a r l 2 0 .0 0 0
P r o t o h a u s t o r i u s  w ig l e v ! 343 .2 2 5 .5 0 .7
P s e u d o h a u s to r iu s  c a r o l i n i e n s l a 0 7 .3 1 .7
L i s t r i e l l a  b a r n a r d i 0 9 .5 3 1 .0 -2 .6 1 *
Listrie.Ua clymeP.elJ-aa 0 0 3 .7
Sync h e 1id  ium americanum 22 .1 3 2 .7 8 .0  13 .10 *
Rhepoxynius epistom us. 0 58 .2 39 .3 -2 .7 3 *
H yperia  g a lb a 2 .1 2 .3 0 .3
O gyrides  a l p h a e r o s t r i s 0 2 .3 4 .3
Euceramus p ra e lo n g u a 0 0 2 .3
P ag u ru s  lo n g ic a ro u a 1 .6 3 .2 4 .0
P in n ix a  s a y a n a 0 6 .4 23 .3 -2 .7 0 *
E c h iu r id a 0 0 2 .7
P h o ro n is  s p . 0 0 5 .0
Mel l i t  a qu inqu  i  esn erfo raJL a 1 7 .9 1 .8 0 .3
L e p to sv n a p ta  te n u ia . 1 .1 5 .0 2 .0
B ran ch io s to m a  s p . 0 0 .9 2 .0
DISCUSSION
P h y s i c a l  E n v iro n m e n t
R e s u l t s  o f  th e  p r e s e n t  s tu d y  s u g g e s t  t h a t  s p e c ie s  were r e l a t e d  
p r i m a r i l y  t o  s ed im en t c o m p o s i t io n  a l th o u g h  th e  dynamic p r o p e r t i e s  o f  th e  
sed im en ts  were a l s o  im p o rtan t*  T his  i s  n o t  s u r p r i s i n g  b e c a u s e ,  as 
s t a t e d  e a r l i e r ,  sed im en t ty p e  has  b een  shown to  s t r u c t u r e  m acroben th ic  
com m unities  in  many s t u d i e s .  What i s  i n t e r e s t i n g  i s  t h a t  s m a l l  changes  
in  th e  g r a i n  s i z e ,  e s p e c i a l l y  in  th e  r e l a t i v e  p e rc e n ta g e s  o f  medium, 
f i n e  and v e ry  f i n e  sands  ( sensu  W entworth, 1 9 2 2 ) ,  b ro u g h t  abou t changes  
in  s p e c ie s  c o m p o s i t io n  and abundance .
S e l e c t i o n  o f  an optimum s u b s t r a t e  by some m acroben th ic  o rgan ism s 
may be  a re s p o n s e  to  t h e i r  f e e d in g  n e e d s .  Some s p e c ie s  s e l e c t  sed im en t 
p a r t i c l e s  f o r  fe e d in g  a c c o rd in g  to  th e  g r a i n  s i z e  ( W h i t l a t c h ,  1974; 
Clem ents  and S ta n c y k ,  1 9 8 4 ) ,  p a r t i c l e  s p e c i f i c  g r a v i t y  and s u r f a c e  
t e x t u r e  ( S e l f  and Ju m ars ,  19 7 8 ) ,  and th e  n u t r i t i o n a l  v a lu e  o f  th e  
o rg a n ic  c o a t i n g  (F e n c h e l  &L aX» t 1975; W h i t l a t c h ,  1981; Taghon, 19 8 2 ) .  
Sedim ent s e l e c t i o n  may be r e l a t e d  t o  th e  o p t im a l  g r a i n  s i z e  chosen  f o r  
tu b e  b u i l d i n g  (Busch and L o v e lan d ,  1975; W h i t la tc h  and W einberg, 1982 ) .  
Sedim ent g r a i n  s i z e  a l s o  p la y s  an im p o r ta n t  r o l e  in  t h a t  some s p e c ie s  
avo id  f i n e  p a r t i c l e s  t h a t  w i l l  c lo g  r e s p i r a t o r y  and f i l t e r i n g  s t r u c t u r e s
80
81
(Webb and H i l l ,  1 9 5 8 ) .  U l t i m a t e l y ,  sed im en t  g r a i n  s i z e  i s  a " su p e r  
p a r a m e te r "  ( J a n s s o n ,  1967) r e f l e c t i n g  th e  d e g re e  o f  movement o f  th e  
o v e r ly in g  w a te r  and c o n t r o l l i n g  p h y s i c a l  p r o p e r t i e s  such  as p o r o s i t y  and 
p e r m e a b i l i t y  (C r i s p  and W i l l i a m s ,  1 9 7 1 ) .  I n f a u n a l  abundance and 
d i s t r i b u t i o n  have been  r e l a t e d  to  b o th  p o r o s i t y  and p e r m e a b i l i t y  
(R hoads , 1974) o f  th e  s e d im e n ts .
D is c r im in a n t  a n a l y s i s  o f  p h y s i c a l  p a ra m e te r s  ( t a b l e  1) i n d i c a te d  
t h a t  th e  s t a t i o n s  o f  Group 3 ,  as  d e f in e d  by n u m e r ic a l  c l a s s i f i c a t i o n ,  
were r e l a t e d  to  i n c r e a s i n g  p e r c e n ta g e  o f  v e ry  f i n e  s a n d s .  The p re s e n c e  
o f  some s p e c ie s  was c o r r e l a t e d  w i th  v e ry  f i n e  sands  and sm a l l  amounts o f  
s i l t  and c l a y ,  w hich s u g g e s ts  t h a t  t h i s  s e d im e n ta ry  env ironm en t may be 
th e  most s u i t a b l e  h a b i t a t .  S t a t i o n s  o f  Groups 1 and 2 were r e l a t e d  to  
i n c r e a s i n g  p e r c e n ta g e  o f  f i n e  s a n d s .  The im p o r tan ce  o f  f i n e  sands  in  
h a b i t a t  p a r t i t i o n i n g  has  a l s o  been  r e p o r te d  in  o t h e r  s t u d i e s  (B ie rbaum , 
1979; S c h a f fn e r  and B oesch , 19 8 2 ) .  Groups 1 and 2 were n o t  v e ry  w e l l  
s e p a r a t e d  in  th e  d i s c r i m i n a n t  sp ace  ( f i g u r e  1 4 ) .  Group 1 ,  how ever, was 
v e ry  d i s t i n c t  in  th e  o r d i n a t i o n  sp ace  ( f i g u r e  9 ) .  The re a s o n  f o r  t h i s  
r e s i d e s  in  th e  dynamic n a t u r e  o f  th e  sed im en ts  o f  most Group 1 s t a t i o n s .  
Sedim ent m o b i l i t y  i s  a f a c t o r  more d i f f i c u l t  to  m e asu re ,  b u t  im p o r ta n t  
in  e x c lu d in g  s e d e n ta r y  s p e c ie s  o r  s p e c ie s  n o t  w e l l  adap ted  to  an 
env ironm en t o f  s h i f t i n g  s a n d s .  T h is  e n v i ro n m e n ta l  f a c t o r  was n o t  
in c lu d e d  p e r  s e  in  th e  d i s c r i m i n a n t  a n a l y s i s .  Thus, t h e r e  was more 
o v e r la p  be tw een  th e  s t a t i o n s  o f  Groups 1 and 2 th a n  betw een th e s e  and 
Group 3 s t a t i o n s .
B o th ,  p e r c e n t  s i l t - c l a y  and w a te r  d e p th  were l e s s  im p o r ta n t
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v a r i a b l e s  in  d i s c r i m i n a t i n g  be tw een  groups* The s i l t  and c l a y  c o n te n t  
o f  th e  sed im en ts  sampled was low, b u t  th o s e  s t a t i o n s  e x h i b i t i n g  a h ig h e r  
p r o p o r t i o n  o f  f i n e r  s ed im en t p a r t i c l e s  were r e s t r i c t e d  t o  Group 3 ,  
e x c e p t  s t a t i o n  MA7•
Three  m a jo r  b e n t h i c  h a b i t a t s  co u ld  be  re c o g n iz e d  in  th e  s tu d y  a r e a .  
The f i r s t  h a b i t a t ,  found in  th e  n o r t h e r n  p a r t  o f  th e  e n t r a n c e  t o  th e  
Chesapeake Bay, was c h a r a c t e r i z e d  by w e l l - s o r t e d ,  dynamic f i n e  sands 
p ro b a b ly  exposed to  th e  a c t i o n  o f  waves and t i d a l  c u r r e n t s .  A nother 
h a b i t a t  was c h a r a c t e r i z e d  by somewhat l e s s  dynam ic , f i n e  and v e ry  f i n e  
g r a i n e d ,  s a n d s .  S e v e ra l  g roups  o f  s t a t i o n s  in c lu d in g  th o s e  o f  Nine Foot 
Shoal and The T a i l  o f  th e  H o rse sh o e ,  a r e  o f  t h i s  h a b i t a t  ty p e .  The 
t h i r d  h a b i t a t  was c h a r a c t e r i z e d ,  in  g e n e r a l ,  by a h ig h e r  p r o p o r t i o n  o f  
v e ry  f i n e  sands  w i th  v a ry in g  low amounts ( l e s s  th a n  14%) o f  s i l t - c l a y ,  
r e f l e c t i n g  a d e p o s i t i o n a l  e n v i ro n m e n t .  The l a t e r  was c o n s t i t u t e d  by 
s t a t i o n s  m o s t ly  lo c a te d  in  th e  deep c h a n n e l  o f  th e  s o u th e rn  p a r t  o f  th e  
bay e n t r a n c e  and a lo n g  V i r g i n i a  Beach ( f i g u r e  7 ) .
These h a b i t a t s  seem to  r e f l e c t  th e  t i d a l  c i r c u l a t i o n  p a t t e r n s  in  
th e  s tu d y  a r e a .  The n o r t h e r n  p a r t  o f  th e  bay e n t r a n c e ,  p a r t i c u l a r l y  th e  
a r e a s  d e s ig n a t e d  in  t h i s  s tu d y  as O u te r  A, M iddle A and M iddle B, i s  
dynam ic , c h a r a c t e r i z e d  by f lo o d  and e b b - d i r e c t e d  sed im en t t r a n s p o r t  
(Ludw ick, 19 7 3 ) .  The s o u th e r n  p a r t ,  p a r t i c u l a r l y  Thimble Shoal C hanne l ,  
around Cape Henry and a lo n g  V i r g i n i a  B each , i s  u n d e r  th e  i n f l u e n c e  o f  
s u r f a c e  ebb c u r r e n t s  t r a n s p o r t i n g  f i n e  sed im en t and O rganic p a r t i c l e s  
from th e  b a y .  There was n o t  a r e l a t i o n s h i p  betw een  th e  b i o l o g i c a l  d a t a  
and th e  main c u r r e n t  o f  w a te r  a lo n g  th e  c h a n n e l  n e a r  Cape Henry, as
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m easured by B o ic o u r t  (1 9 8 1 ) .  T h is  i s  a m id -w a te r  " j e t " ,  and p ro b a b ly  
does  n o t  a f f e c t  th e  b e n t h o s .  In  t h i s  a r e a ,  o n ly  s t a t i o n s  HC8 a n d ,  t o  a 
l e s s e r  d e g r e e ,  MCA c o n ta in e d  some s p e c ie s  c h a r a c t e r i s t i c  o f  m ob ile  
s u b s t r a t e s  (R a th y p O re ia  p a r k e r i . Ac an thohaus  t o r i u s  inte fined itfg » Spisula 
s o l i d  i s s im a .  Msllltfl qu inqu ie s p e  r f o r a t a  and SchiatPmefingOg caeca)•
S p a t i a l  D i s t r i b u t i o n  a n d  C om m unity  S t r u c t u r e
Most o f  th e  m a c ro b en th ic  s p e c i e s  a t  th e  e n t r a n c e  t o  th e  C hesapeake 
Bay were n o t  r e s t r i c t e d  to  a p a r t i c u l a r  h a b i t a t  b u t  showed a  h ig h  d e g re e  
o f  o v e r la p p in g  in  t h e i r  d i s t r i b u t i o n s .  Th is ,  was more in  a c c o rd an ce  w i th  
th e  c o n c e p t  o f  com m unities  d i s t r i b u t e d  as  a n e a r -c o n t in u u m  re sp o n d in g  to  
e n v i ro n m e n ta l  g r a d i e n t s  ( M i l l s ,  1969) th a n  w i th  th e  t i g h t  c o n c e p t  o f  
com m unit ies  as  u n i t s  o f  c h a r a c t e r i z i n g  s p e c ie s  (T h o rso n ,  1 9 5 7 ) .  
N e v e r th e l e s s ,  t h r e e  assem blages  o f  s p e c i e s  co u ld  be r e c o g n iz e d ,  a l th o u g h  
i t  must be em phasized t h a t  t h e i r  l i m i t s  were n o t  s t r i c t .  These 
assem blages  ( o r  co m m u n it ie s ,  u s in g  th e  c l a s s i c a l  te rm ) were a s s o c i a t e d  
w i th  th e  d e s c r ib e d  h a b i t a t s :  h ig h  en e rg y  f i n e  s a n d s ,  l e s s  dynamic f i n e  
and v e ry  f i n e  s a n d s ,  and d e p o s i t i o n a l , v e ry  f i n e  sands  and s i l t - c l a y .
The dom inan t s p e c i e s  o f  t h e  h ig h  e n e rg y ,  c l e a n ,  f i n e  sand 
assem blage  (Group 1 s t a t i o n s ,  f i g u r e  7) were th e  h a u s t o r i i d  amphipod 
P ro to h a u s  t o r i u s  wig ley i  and th e  c a p i t e l l i d  p o ly c h a e te  Amas.tigfl& 
g a p p r a t u s . The l a t e r  was an e u r y to p ic  s p e c ie s  and was s i g n i f i c a n t l y  
more abundan t in  th e  v e ry  f i n e  sand and s i l t - c l a y  a ssem b lag e .  The 
p o ly c h a e te  Nephtvs b u c e ra  was s i g n i f i c a n t l y  more abundan t in  th e
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h ig h  e n e rg y ,  f i n e  sand a sse m b la g e .  C h a r a c t e r i s t i c  s p e c ie s  o f  t h i s  
assem blage  w ere th e  h a u s t o r i i d  amphipods A c a n th o h a u s to r iu s  in te rm e d iu s  
and BflthypQ ieia  pLaxkaii* th e  b i v a l v e  S p i s u la  s o l i d i s s i m a . th e  s p io n id  
p o ly c h a e te  D is p io  u n c i n a t a  and th e  ech inoderm  M e l l i t a  
q u i n q u i e s p e r f o r a t a . A l l  th e s e  s p e c ie s  were r e l a t e d  t o  f i n e  and medium 
sands  w i th  low amounts ( l e s s  th a n  11%) o f  v e ry  f i n e  s a n d s .
H a u s to r i i d  amphipods have been  r e p o r te d  in  many s t u d i e s  as 
dom inan ts  in  m o b i le ,  c l e a n ,  sandy s u b s t r a t e s  o f  s h o a l s ,  sand b a r s  and 
sand beac h es  (Howard and D o r j e s ,  1972; K in n e r  f l i . , 1974; M aurer e t  
a i . , 1976; D o r j e s ,  1977; M aurer and A p r i l l ,  1979; M aurer f i t  a l « , 1979a; 
T o u r t e l l o t t e  and D au e r ,  1983; W eston, 1 9 8 3 ) .  These amphipods have 
p e reopods  ad ap ted  f o r  bu rrow ing  in  u n s t a b l e  sandy s u b s t r a t e s  ( B o u s f i e l d ,  
1 9 7 3 ) .  P r o t o h a u s t o r i u s  w ig le v i  was a s s o c i a t e d  w i th  w e l l - s o r t e d ,  f i n e  
sands in  t h i s  s tu d y ,  e x c e p t  s t a t i o n  0A3 which was p o o r ly  s o r t e d .  Maurer 
e t  a l . (1978) found £.. w ig l e y i  to  be th e  dom inan t s p e c ie s  in  th e  f i n e  t o  
medium sands  o f  s h o a ls  a t  th e  mouth o f  th e  D elaw are Bay. H a u s to r i i d s  
were a l s o  d i s t r i b u t e d  i n | f i n e  sands  a t  B a r n s ta b l e  H arbo r ,  b u t  d e c re a se d  
r a p i d l y  in  number as  th e  sed im en t became c o a r s e r  (Sam eoto , 1969) .  I t  i s  
p o s s i b l e  t h a t  th e s e  amphipods r e q u i r e  sed im en t p a r t i c l e s  o f  th e  g r a in  
s i z e  ran g e  a p p r o p r i a t e  f o r  t h e i r  f e e d in g  h a b i t s  and m echanism s. The 
s u b t i d a l  g e n e r a ,  such  as  P r o t o h a u s t o r i u s . feed on m icroorgan ism s and 
o rg a n ic  p a r t i c l e s  ( B o u s f i e l d ,  1 9 7 0 ) .  The r e s t r i c t i o n  to  c l e a n  sands may 
be e x p la in e d  by th e  g r e a t e r  p e r m e a b i l i t y  o f  t h i s  sed im en t ty p e ,  which 
b r in g s  oxygen to  th e  in f a u n a .
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The s u r f  c la m , Sp i s u l a  s o l i d  i s  sJLma. commonly i n h a b i t s  s u b s t r a t e s  
exposed to  t u r b u l e n t  w a te r s  (R opes ,  1980 ) .  I t  has a l s o  been  r e p o r te d  in  
o t h e r  b e n th ic  s t u d i e s  as  c h a r a c t e r i s t i c  s p e c i e s  o f  m o b i le ,  sandy 
en v iro n m en ts  ( B r e t t ,  1 9 6 3 ) .  In  t h e  p r e s e n t  s tu d y ,  th e  i>. s o l i d i s s i m a  
c o l l e c t e d  were j u v e n i l e s  and occu red  in  v e ry  low d e n s i t i e s ,  b u t  th e y  
were r e s t r i c t e d  to  th e  h ig h  e n e rg y ,  f i n e  sand a sse m b la g e .  The h ig h  
f i d e l i t y  o f  D is p io  u n c i n a t a  t o  th e  f i n e  sand h a b i t a t  may be  e x p la in e d  by 
th e  d u a l  fe e d in g  b e h a v io u r  o bse rved  in  some s p io n id  p o ly c h a e te s  as  th ey  
respond  to  w a te r  v e l o c i t y ,  s w i tc h in g  from d e p o s i t  to  s u s p e n s io n  fe e d in g  
(Taghon & L., 1980; D auer fiJL a l . , 1 981 ) .  J>. u n c i n a t a  p ro b a b ly  i s  w e l l
ad ap ted  to  a s u s p e n s io n  f e e d in g  mode, more e f f i c i e n t  in  c o l l e c t i n g  
suspended m a t t e r  from th e  w a te r  c u r r e n t s .  On th e  o t h e r  hand ,  th e  
r e s t r i c t i o n  o f  th e  s p e c i e s  t o  t h i s  h a b i t a t  may be  u n r e l a t e d  to  th e  
f e e d in g  b e h a v io u r ,  b u t  r e l a t e d  to  th e  g r e a t e r  p e r m e a b i l i t y  o f  th e  
s u b s t r a t e .  These a r e  o n ly  s p e c u l a t i o n s  s i n c e ,  u n l i k e  o t h e r  s p io n id  
p o ly c h a e te s  (D auer slL fli* 1981; Dauer 1983, 1 9 8 5 ) ,  th e  e co lo g y  o f  D isp io  
u n c i n a t a  has  n o t  b een  s t u d i e d .
M e l l i t a  q u in q u ie s p e r f o r a t a . a s p e c ie s  o f  o c e a n ic  i n f l u e n c e ,  was 
a l s o  c h a r a c t e r i s t i c  o f  th e  h ig h  e n e rg y ,  f i n e  sand h a b i t a t .  Ghiold 
(1979) found t h a t  3 0 was th e  optimum g r a i n  s i z e  f o r  M.
q u i n q u i e s p e r f o r a t a  f o r  b u r ro w in g .  G h io ld 's  d e t a i l e d  m i c r o s t r u e t u r a l  and 
f u n c t i o n a l  s tu d y  o f  th e  t e s t  s p in e s  o f  sand d o l l a r s ,  showed d i f f e r e n t  
ty p e s  o f  s p in e s  h ig h ly  s p e c i a l i z e d  f o r  food p a r t i c l e  s e l e c t i o n  and 
b u r ro w in g .  When l i v e  M e l l i t a  were p la c e d  in  d i f f e r e n t  sand f r a c t i o n s  
( 0 - 4 0 ) ,  v e ry  f i n e  sand and s i l t  p a r t i c l e s  were e n tra p p e d  by mucus a t  
th e  b a s e  o f  th e  s p i n e s ,  r e n d e r in g  th e  s p in e s  in m o b i le .  He su g g es ted
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t h a t  th e  la c k  o f  movement from th e  s p in e s  p ro b a b ly  le a d s  to  n o n - b u r i a l  
o f  th e  a n im a l ,  and th e  a c c u m u la t io n  o f  f i n e  sed im en t p r e v e n t s  p a s s a g e  o f  
d i s s o lv e d  oxygen and food p a r t i c l e s ,  e v e n t u a l l y  c a u s in g  i t s  d e a t h .  In  
c o a r s e  s a n d s ,  M e l l i t a  was u n a b le  t o  burrow  due to  th e  d i f f i c u l t y  f o r  
t e s t  m arg in  s p in e s  in  moving c o a r s e  p a r t i c l e s .  Recent s t u d i e s  r e v e a le d  
t h a t  t h i s  e c h in o id  s e l e c t i v e l y  f e e d s  on m ic ro e u c a ry o te s  and b a c t e r i a ,  
w hich o b ta in s  from a v e ry  s m a l l  f r a c t i o n  o f  th e  t o t a l  sed im en t in  which 
i t  f e e d s  (F in d la y  and W hite ,  1 9 8 3 ) .
Dominant s p e c ie s  o f  th e  l e s s  dynam ic , f i n e  and v e ry  f i n e  sand 
h a b i t a t  (Group 2 s t a t i o n s ,  f i g u r e  7) were th e  c a p i t e l l i d  p o ly c h a e te  
A m astigos c a p e r a tu s  and th e  b i v a l v e  Tfill i n a  a g i l is ,«  The s p io n id  
p o ly c h a e te  Spiophanes bombyx a l s o  reached  h ig h  d e n s i t i e s  in  t h i s  
h a b i t a t .  These s p e c ie s  w e re ,  a g a i n ,  e u ry to p ic  th ro u g h o u t  th e  s tu d y  a r e a  
though  s i g n i f i c a n t l y  more abundan t in  th e  v e ry  f i n e  sand and s i l t - c l a y  
h a b i t a t .  An assem blage  was re c o g n iz e d  in  te rm s o f  c h a r a c t e r i s t i c  
s p e c i e s .  These s p e c ie s  were th e  p a ra o n id  p o ly c h a e te  A r ic id e a  w a s s i . th e  
amphipod S ynche l id ium  americanum and th e  g a s tro p o d  E piton ium  
m u l t i s t r i a t u m .  A. w a s s i  has been  commonly c o l l e c t e d  in  th e  c o n t i n e n t a l  
s h e l f  m acroben thos (B o esch ,  1979; W eston, 1983; D auer eX &1»» 1984) ,  
b u t ,  u n l i k e  o t h e r  s p e c ie s  o f  th e  f a m i ly  P araon idae>  i t  has n o t  been  
r e p o r te d  in  e s t u a r i e s .  A. w a s s i  i s  a p o ly h a l in e  s p e c ie s  and p r o b a b ly ,  
as  g e n e r a l l y  re c o g n iz e d  f o r  th e  f a m i ly ,  a m o t i l e ,  bu rrow ing  s u b s u r f a c e  
d e p o s i t  f e e d e r  (F aucha ld  and J u m a rs , 1 9 7 9 ) .  Synche lid ium  americanum was 
d i s t r i b u t e d  p r e f e r e n t i a l l y  in  th e  n o r t h e r n  p a r t  o f  th e  bay e n t r a n c e .  
B o u s f ie ld  (1973) c i t e s  th e  s p e c i e s  as  a b u rro w er  o f  f i n e  sands  in
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s e m ip ro te c te d  s u b t i d a l  b e a c h e s .  In  th e  p r e s e n t  s tu d y ,  S. americanum was 
c o l l e c t e d  more o f t e n  in  l e s s  dynam ic , f i n e  s a n d s .
Of th e  f o u r  o t h e r  s p e c ie s  ( S c o lo p lo s  f r a g i l i s . C.yrxaphoryg 
I j r i f f i r s i s . ,  Opuph.ig and P s e u d o h a u s to r iu s  c a r o l i n i e n s i s )
c h a r a c t e r i s t i c  o f  th e  l e s s  dynam ic , f i n e  and v e ry  f i n e  sand a ssem b lag e ,  
th e  o r b i n i i d  p o ly c h a e te  S c o lo p lo s  f r a g i l i s  had a  w id e r  d i s t r i b u t i o n  in  
c l e a n ,  sandy s e d im e n ts .  T h is  i s  s u r p r i s i n g ,  s in c e  o r b i n i i d s  a r e  common 
in  muddy a r e a s  (F aucha ld  and Ju m ars ,  19 7 9 ) .  £ .  f r a g i l i s . a bu rrow ing
d e p o s i t  f e e d e r ,  was one o f  th e  few s p e c ie s  c o l l e c t e d  e x c l u s i v e l y  in  
muddy a r e a s  in  Hampton Roads (B o esch ,  1973; f i g u r e  1 ) .  Ewing and D auer 
(1982) a l s o  found £ .  f r a g i l i s  i n h a b i t i n g  f i n e  s i l t - c l a y  s e d im e n ts .  
A lthough  n o t  a b u n d a n t ,  t h i s  s p e c ie s  p r e f e r r e d  c l e a n ,  f i n e  and v e ry  f i n e  
sands a t  th e  bay  e n t r a n c e .
The top  s i x  most abundan t s p e c i e s  ( t a b l e  3) w ere dom inan ts  o f  th e  
d e p p s i t i o n a l » v e ry  f i n e  sand assem blage  (Group 3 s t a t i o n s ,  f i g u r e  7 ) .  
T h is  assem blage  c o n ta in e d  numerous s p e c ie s  known o f  v e ry  f i n e  sands and
s i l t - c l a y  s u b s t r a t e s ;  many o f  them were s e s s i l e  and m o t i l e  s u r f a c e  
d e p o s i t  f e e d e r s .
C a p i t e l l i d  p o ly c h a e te s  a r e  common o p p o r t u n i s t i c  o rgan ism s o f t e n  
abundan t i n . s t r e s s e d  en v ironm en ts  ( G r a s s l e  and G r a s s l e ,  1 974 ) .  
M ediomastus a m b ise ta  i s  a n o n s e l e c t i v e ,  s u b s u r f a c e  d e p o s i t  f e e d e r .  I t
has  been  r e p o r te d  in  th e  low er C hesapeake Bay in  h ig h  d e n s i t i e s  a t  
muddy-sand sed im e n ts  (Ewing and D au e r ,  1982; T o u r t e l l o t e  and D auer ,  
1 9 8 3 ) .  A m astigos c a p e r a t u s  i s  a newly d e s c r ib e d  s p e c ie s  (Ewing and
D au er ,  1 9 8 1 ) ,  o n ly  r e p o r te d  r e c e n t l y  as  dom inant o f  th e  c o n t i n e n t a l  
s h e l f  m acroben thos (D auer a i . , 1 9 8 4 ) .  In  th e  p r e s e n t  s tu d y ,  A. 
c a p e r a t u s  was found to  be more o f  a g e n e r a l i s t ,  p r e s e n t  in  a l l  ty p e s  o f  
h a b i t a t s .  C o n v e r s e ly ,  M. a m b ise ta  was h ig h ly  f a i t h f u l  t o  th e  v e ry  f i n e  
sand and s i l t - c l a y  h a b i t a t .
Sp io p h a n es  bombyx. one o f  th e  two s p io n id  p o ly c h a e te s  ( t h e  o t h e r  i s  
P r io n o s p io  pygmaea) abundan t in  th e  v e ry  f i n e  sand and s i l t - c l a y  
a sse m b la g e ,  has  b een  found to  c h a r a c t e r i z e  sand assem blages  th ro u g h o u t  
t h e  low er C hesapeake Bay (B oesch ,  1973, 1977b; Ewing and D au e r ,  1982; 
Mayne & 1 . , 1982) and a d j a c e n t  o f f s h o r e  a r e a  (D auer eJL a l . , 19 8 4 ) .  In  
th e  C hesapeake Bay e n t r a n c e ,  £.. bombyx was p r e s e n t  in  th e  t h r e e  
h a b i t a t s .  T h is  i s  p ro b a b ly  b e c a u se  o f  i t s  a b i l i t y  to  feed  on suspended 
as  w e l l  as  on d e p o s i t e d  p a r t i c l e s .  L ik e w ise ,  t h i s  d u a l  f e e d in g  
mechanism may e x p l a in  why th e  b iv a lv e  T e l l i n a  a g i l i s  was a l s o  
d i s t r i b u t e d  th ro u g h o u t  a  w ide sed im en t r a n g e .  M aurer (1967) and 
T r e v a l l i o n  (1971) have found d i f f e r e n t  s p e c ie s  o f  T e l l i n a  o c c a s io n a ly  
s u s p e n s io n  fe e d in g  from th e  w a te r  colum n.
S e v e ra l  e p i f a u n a l  s p e c i e s  were o f t e n  found a t  s t a t i o n s  where e n t i r e  
and l a r g e  p ie c e s  o f  s h e l l  and l a r g e  tu b e s  o f  a n n e l id  p o ly c h a e te s  were 
p r e s e n t  ( p a r t i c u l a r l y  s t a t i o n s  0C3, 0C5, 0C8, MC5 and ID 2).  S h e l ly  
bo ttom s  p r o v id e  m i c r o h a b i t a t s  t h a t  s e rv e  as a r e fu g e  f o r  numerous 
e p i f a u n a l  and i n f a u n a l  m a c r o i n v e r t e b r a t e s • D au er ,  T o u r t e l l o t e  and Ewing 
(1982) used  d i f f e r e n t  d e n s i t i e s  o f  a r t i f i c i a l  clumps o f  o y s t e r s  and 
g l a s s  tu b e s  to  i n v e s t i g a t e  th e  e f f e c t s  o f  s p a t i a l  r e fu g e s  upon th e  
b e n t h i c  community in  th e  low er C hesapeake Bay. They found a s i g n i f i c a n t
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i n c r e a s e  in  number and d e n s i t y  o f  m a c ro fa u n a l  s p e c ie s  in  th e  t r e a tm e n t  
a r e a .  T h is  e f f e c t  was l a r g e l y  due to  r e fu g e  from p r e d a t i o n  and to  
i n c re a s e d  h a b i t a t  h e t e r o g e n e i t y .  The e f f e c t  o f  tu b e s  o f  p o ly c h a e te s  in  
c r e a t i n g  m i c r o h a b i t a t s  f o r  e p i f a u n a l  s p e c i e s  has a l s o  been  documented in  
o t h e r  s t u d i e s  (Woodin, 1978; M aurer fiJL f l J L . , 1979b; Haines and M aurer ,  
1 9 8 0 ) .  In  D elaw are Bay, H aines and M aurer (1980) found th e  p o l i c h a e t e s  
.S f lh sU ar ia  ml&AEis., P p ly d g ra  l i g fli  and P o l v c i r r u s  e x im iu s . and th e  
amphipods P p g jp la  s e r r a t a  and Corophium s i m i l e  a s s o c i a t e d  w i th  
c a l c a r e o u s  tu b e s  o f  th e  s e r p u l i d  p o ly c h a e te  H ydroides d i a n t h u s . Tube 
a g g r e g a t io n s  p ro v id e d  e n v i ro n m e n ta l  s t a b i l i t y  and c r e v i c e s  and burrow s 
which se rv e d  as r e f u g e s  f o r  some o f  t h e i r  a s s o c i a t e d  s p e c i e s .  In  th e  
p r e s e n t  s t u d y ,  th e  amphipods Caxgphitfm tu b e r c u la t u m . E r ic h th o n iu s  
b r a s i  l i e n s  i s  and Unc.jrPla seu ra .tf l ,  were a lm o s t e x c l u s i v e l y  a s s o c i a t e d  
w i th  tu b e s  o f  th e  p o ly c h a e te  D io p a t r a  c u p r e a . These amphipods c o n s t r u c t  
tu b e s  o f  d e t r i t u s  u n d e r  th e  s h e l l  f rag m en ts  and o t h e r  m a t e r i a l s  used  by 
th e  p o ly c h a e te  in  i t s  tu b e  b u i l d i n g .
O ther  s p e c i e s  c o l l e c t e d  in  th e  v e ry  f i n e  sand and s i l t - c l a y  
assem blage  a r e  known to  be commensals in  p o ly c h a e te  t u b e s .  The amphipod 
L i s t r i e l l a  b a r n a r d i  i s  r e f e r r e d  t o  as a commensal s p e c ie s  in  tu b e s  o f  
Amp h i t r i t e .  ornfltA and o t h e r  m arin e  p o ly c h a e t e s ;  L ig - tx ie l l a  c ly m e n e l la e  
i s  commensal in  tu b e s  o f  C ly m en e lla  t o r q u a t a  ( B o u s f i e l d ,  19 7 3 ) .  The 
decapod P in n ix a  s a y an a  has been  found f r e e  in  th e  w a te r  colum n, in  mud 
and in  tu b e s  o f  A re n ic o la  c r i s t a t a  (W il l i a m s ,  19 6 5 ) .  In  th e  p r e s e n t  
s t u d y ,  o n ly  I±. c ly m e n e l la e  was a s s o c i a t e d  w i th  th e  p re s e n c e  o f  th e  
maid an id p o ly c h a e te  Fuclymsne ZPIXfllia. in  th e  sam p le s .  No a p p a re n t
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a s s o c i a t i o n  was found be tw een  J±. b a r n a r d i . P .  c f  sav an a  and tu b i c o lo u s  
p o l y c h a e t e s •
The p r e s e n c e  o f  th e  p h o x o cep h a l id  amphipod Rhepoxvnius e p i s to m u a t a 
common sand d w e l l e r ,  has  b een  r e p o r te d  in  w e l l - s o r t e d ,  dynamic sands  
(M aurer ££. a l . , 1976; W eston, 1 9 8 3 ) .  £ •  ep is to m u s  was found in  f i n e  and
v e ry  f i n e  sands  a t  th e  bay e n t r a n c e ,  b u t  i t  was a b s e n t  from th e  most 
dynamic a r e a s •
The h ig h e r  s p e c i e s  r i c h n e s s  in  th e  s o u th e rn  p a r t  o f  th e  e n t r a n c e  
r e l a t i v e  t o  t h e  n o r th e r n  p a r t ,  i s  p a r t i a l l y  an i n d i c a t i o n  o f  g r e a t e r  
s p a t i a l  h e t e r o g e n e i t y  p ro v id e d  by s h e l l s ,  p e b b l e s ,  p l a n t  m a t e r i a l ,  and 
tu b e s  o f  p o l y c h a e t e s ,  anemones and p h o r o n id s .  In  a d d i t i o n ,  a more 
d e p o s i t i o n a l  e n v iro n m e n t ,  f a r  from th e  r ig o r o u s  c o n d i t i o n s  o f  s h i f t i n g  
s a n d s ,  a l lo w s  more s p e c ie s  to  c o e x i s t .  More fe e d in g  g u i l d s  were 
r e p r e s e n t e d  in  t h i s  e n v i ro n m e n t ,  w i th  an in c re a s e d  number o f  d e p o s i t  
f e e d e r s .  In  g e n e r a l ,  s p e c ie s  r i c h n e s s  showed s p a t i a l  v a r i a b i l i t y  among 
and w i th i n  s t r a t a  ( t a b l e  7 ) ,  s u g g e s t in g  t h a t  s m a l l  s c a l e  changes  in  
h a b i t a t  c o m p le x i ty  may have a p ro found  im pact in  community s t r u c t u r e .  
Most v a r i a b i l i t y  in  ev en n ess  be tw een  s t a t i o n s  was due to  th e  dominance 
o f  a few s p e c i e s  o f  wide d i s t r i b u t i o n .  T h is  i s  in  agreem ent w i th  
B o e s c h 's  (1973) f in d in g s  f o r  Hampton Roads m a c ro b en th o s ,  in  t h a t  
n u m e r i c a l ly  dom inan t s p e c ie s  were u b iq u i to u s  w i th  r e s p e c t  to  sed im en t 
ty p e .
No s a l i n i t y  d a t a  was re c o rd e d  in  th e  p r e s e n t  s tu d y ,  b u t  some 
p o s s i b l e  g e n e r a l i z a t i o n s  can  be made. Changes in  s a l i n i t y  r e p r e s e n t  an
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in c r e a s i n g  s t r e s s  up th e  e s t u a r y ,  b u t  tow ards  th e  mouth o f  th e  b a y ,  
sed im en t  ty p e  p ro b a b ly  becomes more im p o r ta n t  in  s t r u c t u r i n g  
m a c ro b en th ic  co m m u n it ie s .  T h is  i s  b o rn  o u t  by th e  r e s u l t s  o f  th e  
p r e s e n t  s tu d y  and th o s e  by Boesch (1 9 7 3 ) ,  Ewing and D auer (1982) and 
T o u r t e l l o t t e  and D auer (1 9 8 3 ) .  E u ry h a l in e  m arine  s p e c i e s  a r e  common and 
abundan t in  th e  low er p o r t i o n s  o f  e s t u a r i e s .  These s p e c i e s  tend  to  
d e c r e a s e  in  im p o r tan ce  a lo n g  th e  e s t u a r i n e  c o e n o c l in e ,  and a r e  
s u b s t i t u t e d  by e u r y h a l in e  o p p o r t u n i s t s  in  low er s a l i n i t y  zones (B oesch ,  
1 9 7 7 b ) .
C o m p a r is o n s  W ith  O th e r  M a c r o b e n th ic  S t u d i e s
Boesch (1973) co n d u c ted  a su rv e y  o f  m acrobenthos in  th e  Hampton 
Roads a r e a  and th e  a d j a c e n t  E l i z a b e th  R iv e r  ( f i g u r e  1 ) .  C l a s s i f i c a t i o n  
o f  s i t e s  and s p e c ie s  f o r  F e b r u a r y ,  May and August 1969 r e s u l t e d  in  fo u r  
a s s o c i a t i o n s :  mud, m uddy-sand , sand and E l i z a b e th  R iv e r  s t a t i o n s .
Three o f  th e  s p e c i e s  c o l l e c t e d  in  h i s  sand a s s o c i a t i o n  were 
r e l a t i v e l y  common o f  t h e  bay  mouth m acro b en th o s :  T e l l i n a  a g i l i s .
Gly c e r a  d i b r a n c h i a t a  and gp iophflPflg hsmfryx* The amphipod A m pelisca  
verrilli was abundan t i n  B o e s c h 's  sand a s s o c i a t i o n  an d ,  l i k e  th e  o t h e r  
t h r e e  s p e c i e s ,  i t  had in c r e a s e d  abundance and c o n s ta n c y  a t  August s i t e s .  
T h is  i n c r e a s e  was a t t r i b u t e d  t o  mid-summer r e c r u i t m e n t ,  p ro b a b ly  from 
p o p u la t io n s  a t  th e  bay m outh. In  th e  p r e s e n t  s t u d y ,  verrilli was n o t  
p a r t i c u l a r l y  a b u n d a n t .  R e l a t i v e  abundance o f  some s p e c ie s  may show 
s e a s o n a l  p a t t e r n s  a t  th e  C hesapeake Bay e n t r a n c e .  The o b j e c t i v e  o f  th e
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p r e s e n t  s t u d y , how ever, i s  a s p a t i a l  com parison  o f  com m unities  
th ro u g h o u t  th e  e n t r a n c e ,  w i th  no a t te m p t  t o  look a t  s e a s o n a l  p a t t e r n s .  
Most o f  B o e sc h 's  s p e c ie s  w ere e i t h e r  n o t  c o l l e c t e d  a t  th e  bay  mouth o r  
were r e p r e s e n te d  by few i n d i v i d u a l s .  Dominant s p e c ie s  o f  th e  Hampton 
Roads sand s u b s t r a t e  ( H ete rom astu s  f i l i f o r m i s . P o ly d o ra  l i g n i ,  U n c io la  
ixxszx&L&> F ns ig  d i r  fifi and A c te o c in a  c a n a l i c u l a t a ) e x h i b i t e d  v e ry  low 
abundances a t  th e  bay  m outh, w i th  th e  e x c e p t io n  o f  4* c a n a l i c u l a t a . 
S p e c ie s  o f  B o e s c h 's  muddy sand s u b s t r a t e  ( S p io c h a e to p te ru s  o c u l a t u s « 
P a r a p r io n o s p io  p in n a £ a  and P.hflrgpjg a r c h i t e c t s ) were r a r e  a t  th e  bay  
m outh. T h is  i s  l a r g e l y  a p rob lem  o f  s c a l e ;  B o esch 's  s tu d y  encompassed 
more sed im en t t y p e s ,  w i th  a g r e a t e r  p e r c e n ta g e  and in f l u e n c e  o f  th e  
s i l t - c l a y  f r a c t i o n .  Many o f  th e  m a cro b en th ic  s p e c ie s  o f  Hampton Boads 
a r e a  a r e  common o f  muddy and muddy-sand sed im en ts  th ro u g h o u t  th e  low er 
C hesapeake Bay. I n s t e a d ,  m a c ro b en th ic  com m unities  a t  th e  bay e n t r a n c e  
were r e p r e s e n te d  by many c h a r a c t e r i s t i c  s p e c ie s  o f  c l e a n ,  dynamic sands  
and o f  o c e a n ic  i n f l u e n c e .  Boesch*s s tu d y  a r e a  i s  a l s o  exposed to  
g r e a t e r  te m p e ra tu re  and s a l i n i t y  r a n g e s ,  and i t  i s  in f lu e n c e d  by 
d re d g in g  a c t i v i t i e s ,  and m u n ic ip a l  and i n d u s t r i a l  p o l l u t i o n .
S p ec ie s  r i c h n e s s  (SR) v a lu e s  f o r  B o e sc h 's  sand s t a t i o n s  were h ig h e r  
th a n  th o s e  o f  th e  p r e s e n t  s tu d y .  T h is  may be due to  th e  h ig h e r  
p e r c e n ta g e  o f  s i l t - c l a y  in  B o e s c h 's  sand s t a t i o n s ,  a n d /o r  t o  s t a t i o n  
r e p l i c a t i o n .  R ichness  v a lu e s  in  B o e sc h 's  s tu d y  were c a l c u l a t e d  from 
t h r e e  r e p l i c a t e s .  In  th e  p r e s e n t  s t u d y ,  r i c h n e s s  was c a l c u l a t e d  f o r  
ev e ry  s t a t i o n ,  n o t  f o r  w i t h i n  s t r a t u m  r e p l i c a t e s .
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Mayne sJL &!• (1982) sampled th e  m acroben thos o f  Crumps and 
W illoughby Banks on May 1980 and November 1981, L i t t l e  Creek on O ctober  
1980, and H orseshoe Bank on A p r i l  1981 ( f i g u r e  1) t o  a s s e s  th e  im pact 
t h a t  sand e x t r a c t i o n  o p e r a t io n s  may have on m a c ro b en th ic  com m unities*  
Both  W illoughby Bank and H orseshoe Bank w ere a r e a s  o f  s i m i l a r  
sed im en to lo g y  t o  C hesapeake Bay e n t ra n c e *  W illoughby Bank c o n ta in e d  
medium sands  w i th  s i l t - c l a y  n o t  ex ce ed in g  in  2%* H orseshoe Bank was 
c h a r a c t e r i z e d  by f i n e  t o  v e ry  f i n e  sands w i th  l e s s  th a n  7% s i l t - c l a y ,  
e x c e p t  f o r  one s t a t i o n .  The a r e a s  were c l a s s i f i e d  as  o f  h ig h  and 
m ode ra te  wave e x p o s u re ,  r e s p e c t i v e l y *
N u m eric a lly  dom inan t s p e c i e s  a t  H orseshoe Bank w ere Spiophanea 
bpmbyx* Eharanlg. psammop-hila* le lllna  agilisL* C r a n i e l l a  s p . ,  
Txichflphgata. (= Ehepoxyniva.) spistginpg.i gph s l i a  bicgrnigt Gemma gemma. 
Act&figiiia gjmali c»l afca and Ac an thohay s tgriyg intenpedivg« w ith  th e  
e x c e p t io n  o f  C r a n i e l l a  s p * ,  f). b i c o r n  i s  and £•  g££Q&, th e s e  s p e c ie s  were 
c o l l e c t e d  a t  th e  bay  e n t r a n c e ;  some o f  them w ere abundan t ( t a b l e  3 ) .
The v e n e r id  b i v a l v e  Gemma gemma was th e  dom inant and most 
u b iq u i to u s  s p e c i e s  a t  th e  c r e s t  o f  W illoughby Bank* T his  s m a l l  b iv a lv e  
i s  commonly a s s o c i a t e d  t o  s h o a ls  exposed to  wave a c t i o n ,  where i t  has  
been  r e p o r te d  t o  r e a c h  h ig h  d e n s i t i e s  (S an d e rs  £JL* &L« » 1962; Ewing and 
D au e r ,  19 8 2 ) .  G. gemma. how ever, was n o t  c o l l e c t e d  a t  th e  bay  e n t ra n c e *  
T h is  ab sen ce  may be  p a r t i a l y  r e l a t e d  to  p r e d a t i o n  o f  some amphipods on 
j u v e n i l e s  b iv a lv e s  ( O r th ,  1 9 7 7 ) .  £ .  gemma i s  o v o v iv ip a r o u s ; fem ales
brood th e  young r e l e a s i n g  them th ro u g h o u t  th e  summer* The s p a t ,  w i th  no 
p e l a g i c  s t a g e ,  s e t t l e  n e a r  th e  p a r e n t  a t  th e  s e d im e n t-w a te r  i n t e r f a c e
94
( S e l l m e r ,  1 9 6 7 ) .  Amphipods may i n g e s t  th e  j u v e n i l e s  as  th e y  a r e  swept 
by th e  c u r r e n t s  c r e a t e d  by th e  amphipod fe e d in g  ap p en d a g es .  T h is  e f f e c t  
has  b een  observed  in  th e  amphipod A m pelisca  m acro cep h a la  h e ld  in  
l a b o r a t o r y  c o n d i t i o n s ;  M y t i lu s  l a r v a e ,  copepods and A rtem ia  s a l i n a  were 
in g e s t e d  by th e  amphipod (K annew orff ,  1 9 6 5 ) .  S e g e r s t r a l e  (1957) found 
t h a t  p o p u la t io n s  o f  th e  t e l l i n i d  b i v a l v e  Macoma in c o n s p ic u a  in  th e  
B a l t i c  s e a  were n o t  p r e s e n t  where th e  amphipod P o n to p o re ia  a f f i n i s  was 
ab u n d a n t .  He s u g g e s te d  t h a t  Macoma may i n g e s t  th e  l a r v a e  a s  th e y  s in k  
t o  th e  b o t to m .  A reas o f  s h i f t i n g  sands  a t  th e  C hesapeake Bay e n t r a n c e  
c o n ta in e d  h ig h  d e n s i t i e s  o f  th e  h a u s t o r i i d  amphipod P r o t o h a u s t o r i u s  
w i g l e v i > w hich may be  r e l a t e d  w i th  th e  absence  o f  Gemma gemma.
P r e d a t i o n  by p o l y c h a e t e s ,  n e m e r te a n s ,  h o l o t h u r i a n s  and decapods (S an d e rs  
££. aJL* > 1 9 6 2 ) ,  i n t r a s p e c i f i c  c o m p e t i t io n  betw een j u v e n i l e s  and a d u l t s ,  
and s a l i n i t y  (W einberg , 1985) a r e  a l s o  p o t e n t i a l  f a c t o r s  c o n t r o l l i n g  £ .  
gemma p o p u la t i o n  d e n s i t i e s .
S p ec ie s  r i c h n e s s  (SR) and evenness  ( J " )  were c a l c u l a t e d  from n in e  
2
0 .0 4  m g ra b s  p e r  s t a t i o n ,  s ie v e d  th ro u g h  a 1 mm mesh s c r e e n ,  a t
2
H orseshoe Bank, and from one 0 .1  m g rab  p e r  s t a t i o n  a t  W illoughby B ar .  
R ichness  and evenness  v a lu e s  (R ange, SR: 1 .9 7 - 4 .4 0 ;  J ' :  0 .4 9 - 0 .7 3 )  were 
low er th a n  th o s e  a t  th e  bay m outh, b u t  com parab ly  s i m i l a r  t o  th e  v a lu e s  
o f  m ost dynamic a r e a s  ( t a b l e  7 ) .  In  t h e i r  s t u d y ,  low evenness  was a l s o  
i n d i c a t i o n  o f  th e  dom inance o f  a few s p e c i e s .
D auer sJl. a l«  (1984) sampled th e  low er Chesapeake Bay on two b a y -  
wide t r a n s e c t s  one t im e ,  and th e  in n e r  c o n t i n e n t a l  s h e l f  a t  fo u r  s i t e s  
f i v e  t im es  p e r  y e a r ,  from 1979 th ro u g h  1981 ( f i g u r e  1 ) .  Sampling
95
2c o n s is te d  o f  f iv e  0 .0 4  m grabs p er s t a t i o n > s ie v e d  through a 0 .5  mm 
mesh s c r e e n . The two top ranked dominant s p e c ie s  o f  th e ir  c le a n  sand 
s i t e s  were n ot abundant (H u lin ia  l a t e r a l i s )  or n ot c o l le c t e d  
( S tr e b lo sp io  b e n e d ic t i )  a t th e  bay mouth. Other abundant s p e c ie s  in  
Dauer £ £ . a l .  c le a n  s i t e s  were a ls o  r e l a t iv e l y  abundant ( T e l l in a  a g i l i s . 
■Splgphaneg b,ambyx> £lyfc£XA d ib r a n c h ia ta ) or dom inants (Hediomastus 
ambi-ge.ta> A m astigos c a p e r a tu s ) a t  th e  bay mouth. M. am biseta was ranked 
second dominant in  t h e ir  s i l t - s a n d  s i t e s .
Mean s p e c ie s  r ic h n e ss  (SR: 4 .3 2 )  and evenness (J" : 0 .5 5 )  fo r  t h e ir  
c le a n  sand s i t e s  were comparably s im ila r  to  th e  v a lu es  o f  the most 
dynamic areas a t  th e  bay e n tr a n c e . T heir v a lu e s  fo r  the s i l t y - s a n d  
s i t e s  (SR: 5 .6 1 ;  J": 0 .6 5 )  were a ls o  s im ila r  to  th e  v a lu e s  o f  the  
sou th ern  p o r tio n  o f  th e  en tran ce  ( t a b le  7 ) .
Dauer ££.« d e n s ity  dom inants fo r  th e  in n er s h e l f  s t a t io n s  were: 
fipigphapAA bgmfry&» Pglyggrdiwa 8P*» Mep-hfya picta, le lliaa  agilia.* 
A m pelisca ygj rilJli, Aricidjea h&&£±, Aprgpiono&pig (=P r io n o sp io ) pygmaea. 
Magelgpa s p . ,  gpio. gfitgga and Aricldea cathfixlnas.. A ll  th e se  s p e c ie s  
were p resen t a t  th e  Chesapeake Bay en tran ce and some o f  them were 
c o l le c t e d  in  h igh  d e n s i t i e s  ( t a b le  3 ) .  Mean r ic h n e ss  (SR: 6 .2 2 )  fo r  a l l  
in n er s h e l f  s i t e s  was h ig h er  than any o f  th e  v a lu e s  in  the p resen t  
s tu d y . T heir mean evenness ( J ' :  0 .6 9 )  a t  th e s e  s i t e s ,  was somewhat 
low er than the even n ess a t  th e  bay en tran ce ( t a b le  7 ) .  The h igh er  
r ic h n e ss  in  t h e ir  in n er  s h e l f  s t a t io n s  was r e la te d  to  the c o l l e c t i o n  o f  
e p ifa u n a l s p e c ie s  on s h e l l s  and to  th e p resen ce  o f  a r ic h  i n t e r s t i t i a l  
fauna among th e  c o a r s e s t  sa n d s.
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The m acrobenthos o f  C herrystone I n l e t ,  Old P la n ta t io n  Creek and 
a d ja cen t bay areas ( f ig u r e  1) was sampled by Ewing and Dauer (1 9 8 2 ) .
The top rank dom inants o f  t h e ir  o f fs h o r e  sand s i t e s  were Spiophanes 
b-Qmkyx> T e llj.n a  a g i l i s .  and A cteo c in a  c a n a l ic u la t a . These s p e c ie s  were 
common in  th e p r e se n t s tu d y . T heir nearshore sh o a l s i t e s  e x h ib ite d  h igh  
d e n s i t i e s  o f  th e  b iv a lv e  Gemma gemma. P araon is fulgfing< Spiophanes 
bombyx and T e l l in a  a g i l i s  were a ls o  dom inants a t  th e se  s i t e s .
Mean s p e c ie s  r ic h n e ss  (SR: 4 .9 2 )  a t  th e  o ffsh o r e  s i t e s ,  based on 
2
four 0 .0 5  m grabs p er s t a t io n  s ie v e d  through a 0 .5  mm mesh s c r e e n , were
s im ila r  to  th e  v a lu e s  o f  s t a t io n s  o f  m oderately dynamic sands a t  the bay
mouth ( s t r a t a  IA and IC in  ta b le  7 ) ;  evenness ( J ' :  0 .6 1 )  a t  the o ffsh o r e
s i t e s  was low er. For t h e ir  n earsh ore sh o a l s i t e s ,  mean r ic h n e ss  and
even n ess (SR: 3 .0 8 ;  J ' :  0 .3 8 )  were low er than th e  v a lu e s  o f  th e  most
dynamic areas a t  Chesapeake Bay en tran ce  ( s t r a t a  MA and OA in  ta b le  7 ) .
This d if f e r e n c e  may be exp la in ed  by th e overwhelming d e n s i t i e s  o f  th e
2
b iv a lv e  Gemma gemma (6 ,4 0 0  in d v ./m  ) in  Ewing and Dauer's  s tu d y .
R inner gJt. &!• (1974) sampled q u a r te r ly  from December 1971 through
June 1972 an area lo c a te d  near th e mouth o f  Delaware Bay. Sampling
2
c o n s is te d  o f  277 0 .1  m grabs s ie v e d  through a 1 .0  mm mesh s c r e e n . The 
th ree  most abundant s p e c ie s  were th e  b iv a lv e s  T e l l in a  a g i l i s . Gemma 
gemma and Nucula p rp x im a .  ! •  f lg i l ig  and th e amphipod Am peligca y g rr i- J - i l  
were t r a n s i t io n a l  betw een sand and mud, a lthough  g r e a te s t  d e n s i t i e s  o f  
X* a g i l i s  were recorded in  sed im ents w ith  0-25% s i l t - c l a y .  £ .  gemma and 
th e  amphipods P ro to h a u sto r iu s  w ig lf iy i and Trichophoxus (= RhepOXyniUfl.)
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epistom us e x h ib ite d  h igh  d e n s i t i e s  in  th e ir  sand bottom  assem blage ( 0 -  
10% s i l t - c l a y ) . £ .  proximfi and th e p o ly ch a e te  Heterom astus filifftm ig
were dom inants o f  t h e ir  s o f t  bottom  assem blage (50% s i l t - c l a y ) .  These 
r e s u l t s  are s im ila r  to  th o se  o f  th e  p resen t stud y  in  th a t w ig le y i  and 
£• ep istom us were a ls o  abundant in  c le a n ,  f in e  sands a t  th e  Chesapeake 
Bay e n tr a n c e , and X* a g i l i s  had a broader d is t r ib u t io n  in  a l l  type o f  
sed im ents sampled (<  20% s i l t - c l a y ) .  S im ila r ly ,  H. proximo and A* 
v e r r i l l i  were c o l le c t e d  in  th e  d e p o s it io n a l  assem blage a t  th e  Chesapeake 
Bay e n tr a n c e . Dominants in  the p r e se n t s tu d y , however, were c a p i t e l l i d  
p o ly c h a e te s ,  w h ile  m o llu scs  were dominant in  K inner sJL s tu d y . This 
may be r e la te d  to  th e  sreen  s i z e  ( 1 .0  mm) used in  t h e ir  s tu d y , which  
would n o t r e ta in  sm all p o ly c h a e te s  such as c a p i t e l l i d s .
S im ila r ly  to  the f in d in g s  o f  th e  p resen t s tu d y , d iv e r s i t y  a t  th e  
mouth o f  Delaware Bay was g r e a te r  in  low s i l t - c l a y  sed im en ts , and a few  
m acrobenthic s p e c ie s  were dom inants.
Remarkably s im ila r  to  th e  h igh  en ergy , f in e  6and assem blage o f  th e  
p r e se n t stud y  was th e  c le a n  f in e  sand assem blage d e fin ed  by Maurer e t  
a l . (1979b) near D elaware Bay mouth. C h a r a c te r is t ic  s p e c ie s  o f  Maurer 
e t  a l . assem blage were th e  h a u sto r iid  amphipods P arah au storiu s  
lo n g interns. Protohaus to r iu s  Higlayi, Ac anthPhflttg-fccrillB m ills! and 
B athvporeia  p a r k e r i . and th e  p o ly c h a e te s  KephlffJB bugcra and Dispifl. 
u n c in a ta . With th e  e x c e p tio n  o f  £.. Icngimerus and A. m illsi ( th e  la t e r  
s u b s t itu te d  by A. in term ed iu s in  th e  p resen t s tu d y ) ,  th ese  s p e c ie s  were 
a ls o  found in  f in e  sands a t  Chesapeake Bay en tra n ce .
CONCLUSIONS
1 . M acrobenthos a t  Chesapeake Bay en tran ce was c o r r e la te d  w ith  
f in e  and very  f in e  san d s. Sediment dynamics caused by t id a l  
cu rre n ts  or wave a c t io n  seemed to  be as im portant in  d e te r ­
m ining the type o f  in fau n a .
2 . Three major assem blages o f  s p e c ie s  r e la te d  to  sed im ent type  
were reco g n ized : a c le a n ,  h igh  en erg y , f in e  sand assem blage; a 
l e s s  dynam ic, f in e  and very  f in e  sand assem blage; a d e p o s i t io -  
n a l ,  very  f in e  sand assem blage w ith  vary ing  low amounts o f  
s i l t - c l a y .
3 .  The m acro in v erteb ra tes  o f  Chesapeake Bay en tran ce showed
s p a t ia l  d is t r ib u t io n  p a tte r n s  a cro ss  th e en tra n ce . This 
d is t r ib u t io n  i s  con sid ered  to  be r e f l e c t i v e  o f  the t id a l  c ir c u ­
la t io n  p a tte r n s  o f  th e  stud y  a rea .
4 .  S p ec ie s  r ic h n e ss  was low er in  dynamic areas than in  d e p o s i-  
t io n a l  o n e s . Evenness v a r i a b i l i t y  was r e la te d  to  th e num erical 
dominance o f  a few s p e c ie s .
5 . Some o f  th e  d e n s ity  dominant s p e c ie s  were eu ry to p ic  w ith
r e sp e c t  to  sed im ent type and s ig n i f i c a n t l y  more abundant in
the d e p o s it io n a l  assem blage.
6 . D ep o sit  feed er s  c o n s t itu te d  th e la r g e s t  trop h ic  group of macro­
in v e r te b r a te s .  Most o f  th e  s p e c ie s  o f  c le a n ,  h igh  energy sands 
were d e p o s it  feed er s  or c a r n iv o r e s . The p resen ce  o f  d e p o s it  
feed er s  in  t h is  environm ent may be r e la te d  to  th e d u a l feed in g  
b eh av ior  su ggested  in  the l i t e r a t u r e  fo r  some s p e c ie s .
7 . Future b en th ic  resea rch  a t  Chesapeake Bay en tran ce should be 
conducted towards d eterm in in g  the se a so n a l a sp e c ts  o f  macro- < 
b e n th o s .
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APPENDIX I L is t  o f  m acrobenthic in v e r te b r a te s  c o l le c t e d  a t  the  
Chesapeake Bay entrance*
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PHYLUM P O R IF E R A  
P O R IF E R A
PHYLUM C N I D A R I A  
HYDROZOA  
CLAVA
H Y D R A C T IN IA  E C H IN A T A  
HALECIUM  6 R A C I L E  
C A M P A N U LA R I1D A E  
O B E L IA
LOVENELLA G R A C I L I S  
S E R T U L A R I I D A E  
S E R T U L A R IA  
S E R T U L A R IA  ARGENTEA  
S C H IZ O T R IC H A  TEN ELLA  
CAM PANULINA  
ANTHOZOA H E XACO RALLIA  
A S T R A N G IA  DANAE
PHYLUM PL A T Y H E L M IN T H E S  
T U R B E L L A R IA  P O L Y C L A D ID A  
STYLO CH US
STY LO C H U S E L L I P T I C U S
PHYLUM N EM ERTINA  
RHYNCHOCOELA  
TETRASTEMMA
TETRASTEMMA V ER M IC U LU S
PHYLUM A N N E L ID A  
POLYCHAETA  
PO L Y G O R D IU S  
PO L Y N O ID A E  
HARMOTHOE
HARMOTHOE EXTENUATA
S T H E N E L A I S
S T H E N E L A I S  BOA
S T H E N E L A I S  L IM IC O L A
S I G A L I O N  A R E N IC O L A
BHAWANIA GOODEI






E U L A L IA  S A N G U IN E A
H E S I O N I D A E
G Y P T I S  V IT T A T A
G Y P T I S  B R E V IP A L P A
PODARKE O BSCURA
MICROPHTHALMUS
MICROPHTHALMUS SC Z E L K O W II
P I L A R G I D A E  
C A B IR A  
SIG A M BR A
SIG A M BR A  TENTACULATA  
SIG A M BR A  B A S S I  
S Y L L I D A E
B R A N IA  W E L L F L E E T E N S IS  
N E R E I S
N E R E I S  F A L S A  
N E P H T Y ID A E  
AGLAOPHAMUS V E R R I L L I  
N E P H T Y S
N E P H T Y S BUCERA  
N E P H T Y S P I C T A  
GLYCERA
GLYCERA AMERICANA  
GLYCERA D IB R A N C H IA T A  
H EM IPO DUS R O SE U S  
G L Y C IN D E
G L Y C IN D E  S O L I T A R I A  
T R A V I S I A  CARNEA  
C A P I T E L L I D A E  
C A P IT E L L A  C A P IT A T A  
HETEROMASTUS F I L I F O R M I S  
NOTOMASTUS L A T E R IC E U S  
NOTOMASTUS H EM IPO D U S  
M EDIOM ASTUS A M B IS E T A  
AM A ST IG O S C A PE R A T U S  
MALDANIDAE  
CLYMENELLA TORQUATA  
EUCLYMENE Z O N A L IS  
A S Y C H I S  C A R O LIN A E  
P A R A O N ID A E  
A R I C I D E A  
A R I C I D E A  W A SSI  
A R I C I D E A  C E R R U T I I  
A R I C I D E A  G A T H E R IN A E  
P A R A O N IS  FU LG EN S  
A E D I C I R A
C IR R O PH O R U S L Y R IF O R M IS
S P I O N I D A E
POLYDORA
POLYDORA L I G N I
POLYDORA S O C I A L I S
POLYDORA S P -  A
P R I O N O S P I O
P R I O N O S P I O  C I R R I F E R A  
P R I O N O S P I O  PY6M AEA  
P A R A P R IO N O S P IO  P IN N A T A  
S C O L E C O L E P ID E S  V I R I D I S  
S C O L E L E P I S  
S C O L E L E P I S  SQUAMATA  
S C O L E L E P I S  c f  TEXANA
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S P I O  S E T O S A
S P I O P H A N E S  BOMBYX
D I S P I O  U N C IN A T A
S P IO C H A E T O P T E R U S
S P IO C H A E T O P T E R U S  OCULATUS
S A B E L L A R IA  V U L G A R IS
O N U PH ID A E
D IO P A T R A  CUPREA
O N U P H IS  ER EM ITA
D R I L O N E R E I S
D R I L O N E R E I S  MAGNA
D R I L O N E R E I S  S P .  A
D O R V IL L E ID A E
S C H IS T O M E R IN G O S  CAECA
AMPHINOM IDAE
MAGELONA
MAGELONA P A P I L L I C O R N I S  
MAGELONA F I L I F O R M I S  
O R B I N I I D A E  
O R B I N I A
O R B I N I A  ORNATA  
O R B I N I A  R I S E R I  
SC O LO PLO S
SC O L O PL O S F R A G I L I S
SC O L O PL O S RO BU STU S
H A PLO SC O LO PLO S c f  A C U TU S
C IR R A T U L ID A E
THARYX S E T IG E R A
C A U L L E R IE L L A
CHAETOZONE
OW EN11DAE
OWENIA F U S I F O R M I S
C I S T E N A  G O ULD11
AM PHARETIDAE
A S A B E L L I D E S  OCULATA
T E R E B E L L ID A E
L O IM IA  MEDUSA
P I S T A  PALMATA
P O L Y C IR R U S  E X I M I U S
AMAEANA T R IL O B A T A
F L A B E L L IG E R ID A E
PH ER U SA  c f  A F F I N I S
S A B E L L ID A E
O LIGOCHAETA
PHYLUM MOLLUSCA  
GASTROPODA  
TEINO STO M A  
E P IT O N IU M
E P IT O N IU M  M U L T IST R IA T U M  
E P IT O N IU M  RUPICOLUM  
E P IT O N IU M  ANGULATUM 
C R E P ID U L A
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C R E P ID U L A  F O R N IC A T A  
P O L I N I C E S
P O L I N I C E S  D U P L IC A T U S  
M IT R E L L A  LUNATA  
A N A C H IS
N A S S A R I U S  T R I V I T T A T U S  
M ANGELIA C E R IN A  
MELANELLA IN T E R M E D IA  
A C T E O N ID A E
ACTEON P U N C T O S T R IA T U S  
C Y L IC H N E L L A  B ID E N T A T A  
A C T E O C IN A  C A N A L IC U L A T A  
P Y R A M ID E L L ID A E  
ODOSTOMIA  
ODOSTOM IA S P .  1 
SA Y E L L A  
S A Y E L L A  F U S C A  
T U R B O N IL L A
T U R B O N IL L A  IN T E R R U P T A  
T U R B O N IL L A  S T R I C T A  
P ELECYPO DA  
NUCULA PROXIM A  
Y Q L D IA  L IM A TU LA  
ANADARA T R A N SV E R SA  
ANADARA O V A L I S  
P A R V IL U C IN A  M U L T IL IN E A T A  
MYSELLA B ID E N T A T A  
M ERCENARIA M ERCENARIA  
P I T A R  MORRHUANA 
T E L L IN A  A G I L I S  
DONAX V A R I A B I L I S  
S O L E N ID A E  
E N S I S  D I  RECTUS  
S P I S U L A  S O L I D I S S I M A  
M U L IN IA  L A T E R A L I S
PHYLUM ARTHROPODA  
PYCNOGONIDA
C A L L IP A L L E N E  B R E V I R O S T R I S
OSTRAGODA
C l R R I P E D I A
BALANUS
M YSIDACEA
N E O M Y S IS  AM ERICANA  
M Y S I D O P S I S  BIG ELO W I  
G A STR O SA C C U S D I S S I M I L I S  
CUMACEA
MANCOCUMA S T E L L I F E R A  
LEUCON A M ER IC A N U S  
O X Y U R O S T Y L IS  S M IT H I  
C A M P Y L A S P IS  c f  R U BIC U N D A  
TA N A ID A C E A  
LEPTOGNATHA CAECA
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IS O P O D A
EDOTEA MONTOSA  
A N TH U R ID A E  
A N C IN U S  D E P R E S S U S  
AM PHIPODA  
A M P E L IS C A  
A M P E L IS C A  A B D IT A  
A M P E L IS C A  V E R R I L L I  
BATEA C A T H A R I N E N S I S  
C O R O P H IID A E  
COROPHIUM
COROPHIUM ACHERUSICUM  
COROPHIUM TUBERCULATUM  
COROPHIUM VOLUTATOR  
E R IC H T H O N IU S  B R A S I L I E N S I S  
U N C IO L A
U N C IO L A  IRRORATA  
U N C IO L A  SERRATA  
H A U S T O R IID A E
ACAN TH O H A U STO R IU S IN T E R M E D IU S
B A T H Y P O R E IA
B A T H Y P O R E IA  PA R K ER I
PR O T O H A U ST O R IU S
PR O T O H A U ST O R IU S W IG L E Y I
P S E U D O H A U S T O R IU S  C A R O L I N I E N S I S
L I S T R I E L L A  BARNARDI
L I S T R I E L L A  CLYMENELLAE
O E D IC E R O T ID A E
S Y N C H E L ID IU M  AMERICANUM
PARAPHOXUS S P I N O S U S
P H E P O X Y N IU S  E P IS T O M U S
STENOTHOE M INUTA
H Y P E R I I D A E
H Y P E R IA  GALBA
C A P R E L L ID A E
DECAPODA
O B Y R ID E S  A L P H A E R O S T R IS  <«L IM IC O L A >
CRANGON S E P T E M S P IN O S A
C A L L IA N A S S A  A T L A N T IC A
EUCERAMUS PRAELONGUS
P A G U R ID A E
PAGURUS
PAGURUS L O N G IC A R P U S  
O V A L I P E S  O CELLATUS  
X ANTH IDAE
NEOPANOPE TEXANA S A Y I  
D IS S O D A C T Y L U S  M E L L IT A E  
P I N N I X A
P I N N I X A  CHAETOPTERANA  
P I N N I X A  SAYANA  
M A JID A E
PHYLUM S IP U N C U L A  
S I P U N C U L A
PHYLUM E C H IU R A  
E C H IU R A  
THALLASEMA
PHYLUM PHGRONIDA  
P H O R O N IS
PHYLUM ECTOPROCTA  
ECTOPROCTA
PHYLUM ECHINODERMATA  
A S T E R O ID E A  
E C H IN O ID E A
M E L L IT A  Q U IN Q U IE S P E R F O R A T A  
O P H IU R O ID E A  
M IC R O P H O L IS  ATRA  
HOLOTHUROIDEA  
L E P T O SY N A P T A  T E N U I S
PHYLUM HEMICHORDATA  
EN TER O PN E U ST A  
SA C C O G L O S S U S  KOWALEWSKII
PHYLUM CHORDATA
SUBPHYLUM CEPHALOCHORDATA  
BRANCHIOSTOMA
SUBPHYLUM VERTEBRATA  
CO NGRIDAE
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APPENDIX I I ,  Taxonomic keys l i s t .
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